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Evaluation of Microhematocrit centrifuge Dujdao Boonyod et al.

Performance Evaluation of Microhematocrit
Centrifuge in the Primary Care Units in

Phitsanulok Province

Dujdao Boonyod Noppadol Piamsiri Anothai Sritonchai and Natthaphat Ratanadachanakin
Reginal Medical Sciences Center 2, Phitsanulok Deportmeht of Medical Sciences Amphoe Muang,
Phitsanulok 65000. Thailand

ABSTRACT  Packed red cell volume (Hematocrit) test is performed routinely in primary care
units (PCU) by using microhematocrit centrifuge. According to Ministry of Public Health guideline for
medical laboratory in primary care unit the performance of equipment is an important factor that could
affect the test result. To ensure the quality of test, the Regional Medical Science Center 2; Phitsanulok,
developed the project to evaluate the effectiveness of the microhematocrit centrifuge used in primary care
units of Phitsanulok province during fiscal year 2014. One hundred and forty microhematocrit centrifuges
from 120 primary care units were assessed for the round per minutes (rpm) and timer used. The results
showed that 75.7% of the centrifuges passed the test criteria while 24.3% failed to meet the round
speed criteria due to an old condition and deficiency of an equipment. Consequently, the performance of
the microhematocrit centrifuge was inaccurate. Thus, operator of PCU regular calibration and

maintenance should be planned to ensure the reliable test result.

Key words: Microhematocrit centrifuge, Hematocrit Corresponding author E-mail : dujdao.b@

dmsc.mail.go.th
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MINAUILAZNITNAFTAIUANINGNABIIDILATISHAT
naxlaaandy asnguiidiaaalaaandy
wazasnanidi linaralaaandy Tuunes

1o HRGC/HRMS

[

gianl umae @3t dyws  was@unstm Fandedu
FningamnwuazaNNaaaiyaIms nININEMansnIsunng ouuauur wuny5 11000

unanga  enuiuiveesansngulosandu Wddeselasandu uazidilinsglasandu Tudainaasiwnu d
HANIENUABMINMINMTBIITUUYszam ssuudunuguazssuuniauiu syedlasumsehgimennmssulsemu
awnannnhiasas 90 wiilagtudilifimsnenumstuiiousssmangudananluemns udlusessnaldly
mmﬁnﬁagﬁnaﬁnéuﬁmn FadafluansuaRuianaeeuny TﬂﬂLawwmmiﬁﬂizﬂmnsﬂa:mL?ilmu%Tﬂﬂ U MINUAE
Lﬁﬂ%ﬂuﬁﬂﬂuuiuﬂ%uﬁméjﬁ mﬁmswzﬁmiﬂaiumehfﬁ%nm ussnuuazanstaiiauINn T lanennuaznaaau
mmgﬂﬁaqwaﬁﬁﬁmmzﬁminéu PCDDs/Fs, DL-PCBs wa¢ NDL-PCBs lunup ToatinUSInueIagauNNa
wazUSudsunnsiuaaulumsana ifumaumsﬁﬂﬁu‘%qwé LLaziTyumaumsI,Lﬂnaﬁl,wiasnzjuaanmnﬁu Folnle
eRlFUsnashazangdunidiasasuarldnanisaasss adesinamsiadalsinamesssinnm 35 6 luudas
ﬂi;juﬁna'nmﬁa 0.06-0.64, 1.85 AT 3.50 pg/g LUsiu MUMGU
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Analysis of Dioxins, Dioxin-like PCBs

and Non Dioxin-like PCBs in Milk Powder by HRGC/HRMS Supat Sangsuay et al.

UNU

mangulasanduihdeiiionGendu insfnguas 2 ndu ldud msngulwdnaadiuainalotuy
Tgw151leeandu (polychlorinated dibenzo para dioxins; PCDDs) uazehsngulwdnaaiiuainalawuly
Wusu (polychlorinated dibenzo furans; PCDFs) arsnguidivanafvensngulndaassiuanaluiiliia
(polychlorinated biphenyls; PCBs) wu'qaaﬂLﬂumsﬂajuﬁ%ﬁﬂ%mlﬂaaﬂ%u (dioxin-like polychlorinated
biphenyls; DL-PCBs) u,as'miﬂa:uﬁ%ﬁhiﬂﬁwl@aan%u (non dioxin-like polychlorinated biphenyls;
NDL-PCBs) #iilaseasramaail (mwil 1) a5 4 AENANUIN 75, 135, 12 Uaz 197 00 (congeners)
UG NIV 419 ) dwdumsanaiensidasnaluemaiamuauliiulumungrneg
pavannnglsy azdasasaluudasngs 7, 10, 12 uaz 6 61 MNAGU TINTIU 35

1 9 D
2{_{{:;? D HS 1 9
W e N T

3
N f’\'f’) ' el Ta
al O = n e — n
a. 4 6 7
3 2 2’ 3’
4 4’
Cl, Cl,
5 6 6 5

Mud 1 Tassasmaedi 0. srsngulndaasiiuawalowulawnlosandy 2. esngulnanasiuann
lowulayusu uas a. srsngulnanassiuaealuilila (AFT)

ssngwlaaandu (PCDDs/Fs) iintuanmsnszvnilulaaslasasuyud asstudafumns
nquiEdl (PCBs = DL/NDL-PCBs) fhriauil a.q. 1985 aslandauiiveldlugammnssy msnsaasngy
finaantianamu Senuilufivdaddiiie thatiudetunnmansshilildadlavesysduasunngmsol
NMN53INNE U Uaaeaaninnnlssnugaamnssundamdaunasuazdagiy Tssnundananna
TsenudlTasiail msdumizauadaseud gunlwszde Tuth wasmswnussitlimanzay dudu sl
daieuinazanmauasazanlufunadey egafidhgiidiouasdumadaguamm Mnmsdnsnmefivine
Tudormassswuh msngulasenduriliifamzdaylnsimagniadaiiod (endometriosis) ufivdaszuy
ARANAY dHaNIENUdaMINMINTzUUYTEaNY Seuuduiug Wannmsuazaddyan Tundananssavlag
anwiaUnfiuesmsn® widslifitegdnmsndulasanunndinaliifalsansiiluay udiindnguildate
lenase, 3, 7, 8- TCDD L?Jumsﬁﬁaml%ﬂumgm? U @.6. 1997 Me1deN3911NH (International
Agency for Research on Cancer; IARC) 3014 2, 3, 7, 8 - TCDD Lﬂumiﬁﬁ'j’lﬁa°lﬁtﬁﬂml§q Aad 1
(known human carcinogen) LLamfimmnmmLﬂuﬁwaqmiﬂq'ulﬂaan%uuaxﬁ%ﬁﬂﬁwlmaan%u
uanenefu asdmsanaialan (WHO) lumssaniumsilSsuiisuemudiuiivaasansdiau °luna;u‘v“inz~ham
iU 2, 3, 7, 8- TCDD laai3and unneasanyaanuiuiiy (Toxic Equivalency Factor, TEF)™
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Wiwnziasnauleasndu ssnguiidiemelasandy . .
P . gwan] uenany uasaniz
uazasnauialliaaraloaandu Tuunwe oy HRGC/HRMS

Zansugazeidian (m3199 1) luduanuiduivessnsnguidilieaalasanduiisnvazmmnzideanly
Wy ludainesssinisurenamiinUnduazdasuliiiaiiinsaniau dearamsyiwinivesdanlive

Balunhuuueigdaniduiviaszuugiduiuuasszuulssam (immunotoxin and neurotoxin) &u

Tunywedidumsenniazszyhanmsiiieduannmsilasuasnguidiinannasnguidiearalasandunie
aanguivdiliaseleasndu WawnnlasUnfssnguwailuanageaaiu®

=

m319# 1 @) WHO-TEF 2005 2avansngulasanduuasiidiamelosaniy

ﬁaﬂwnq’nlmaanﬁu TEF value %aaﬂinéuﬁ%ﬁﬂﬁwﬂlﬂaaﬂ%u TEF value
2, 3, 7, 8 - TCDD 1

1, 2, 3, 7, 8- PeCDD 1 non-ortho PCBs

1, 2, 3, 4, 7, 8 - HxCDD 0.1 PCB 77 0.0001
1, 2, 3, 6, 7, 8 - HxCDD 0.1 PCB 81 0.0003
1, 2, 3, 7, 8, 9 - HxCDD 0.1 PCB 126 0.1
1, 2, 3, 4, 6, 7, 8 - HpCDD 0.01 PCB 169 0.03
OCDD 0.0003 mono-ortho PCBs

2, 3, 7, 8- TCDF 0.1 PCB 105 0.00003
1, 2, 38, 7, 8 - PeCDF 0.03 PCB 114 0.00003
2, 3, 4, 7, 8 - PeCDF 0.3 PCB 118 0.00003
1, 2, 3, 4, 7, 8 - HXCDF 0.1 PCB 123 0.00003
1, 2, 3, 6, 7, 8 - HxCDF 0.1 PCB 156 0.00003
1, 2, 3, 7, 8, 9 - HxCDF 0.1 PCB 157 0.00003
2, 3, 4, 6, 7, 8 - HxCDF 0.1 PCB 167 0.00003
1, 2, 3, 4, 6, 7, 8 - HpCDF 0.01 PCB 189 0.00003
1, 2, 3, 4, 7, 8, 9 - HpCDF 0.01

OCDF 0.0003

wysdldsududananguilinnnh 90% Mnmssutssmuams® luadeiigidmsaimaudiou
Tuowns wiu ¥ a.a. 1998 Yssmawasuiiomamuuniudeuiiamanoamsdaiiudau® ¥ a.a.
1999 ﬂs::mmuaLﬁzmLﬁﬂ%ﬂqmmsm%aaﬂ%uﬂuLﬁaummsﬁ’miﬁdﬂmﬂiumfiﬂqiiﬂs’f;mwatﬁﬂmﬂumma
daLAsugAin® wasll a.a. 2011 MmsanTiensilunulsshwuhluliinaudeumandulasaniy
FNNNYWINENNUA Fonliwhsudsdldldsnu 4,700 whiu gnia lngnahvanewuduazlignimaie
wanauaunas” Wudu

Biensimsluidiaumsngulessniunssmsnguiidduaiy 2 33 da 1) Basnedansas
(screening method) Hhiiiasnaautiasduiaansansialenaiaziiamldhen iadansediathaiiil
matudlouiuszduggaieoniuld Fee1aiiuis bioassay wia GC/MS dayaiilannisillimansdmiy

Y 1

il dudayaiuguuazmsdsziiumsilasuasnguiingsame way 2) 385amadiudu (confirmatory

method) (HhisHminsaanadigamuusziinald dayanlaasilizhietnludavmsudazeily
Usinauhnsuazrasingasansnnfianai g wenldannsah lugudundafinanangvang saumeldidu

;4 H
¥ <~ ¥ =)

doyanuguuasdoyaadsziliumslasussnguiidhgsemes wennniiglddudayasmsumsivuanie
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Analysis of Dioxins, Dioxin-like PCBs

and Non Dioxin-like PCBs in Milk Powder by HRGC/HRMS Supat Sangsuay et al.

Uuagegaisanliudiould (maximum level, ML) thgiusnmwglammualiizasauuududums
nqulasenduuazansnguitiiindslasandudosldinias HRGC/HRMS wip GC-MS/MS uazansnguiail
Tiagalasanduldiadas GC-MS fisnsansnadalnaldaduszaumulaniy (upper femtogram,
10°g) 5zauUlnn3Y (low picogram, 10"°g) 32aUNLUNTY (nanogram, 107°g) HANNIUWILILAIG
waziienugndasge Wudu dadasnasiasauwuuiuiudaiionldhagedueiosiio maed ussnuuas
ANINENENN wgaislsznaude 5 {?umauﬁﬁwﬁty Tqun 1) maFnmegauazmsvnliduiiaidendu
2) M3afa MmassmewasmamuFnalaiu 3) msmiamssumuriamailiuianizuussmsssve
swdamsugnaseandiungy 1) msiadiseiasiie uaz 5) MIMIALAENBNUNG
drinaamuuazanulasadsnms nawinsmandmaunng lavacsianljiamsleaandu
Hhuususnaanlszmalngludl w.a. 2551 Tasfamsfanandumsanadamuuasthssaimsuuilausasans
dananlusmaiiamsduasesguiloasasaulng Tagiudszmalnedalufimsdnmnmauiiaueasans
Fananluusuaskdadn daiuidasiisiensiiminsauuasnasauanaliladauissiligmaaaa
matudlaumsnguillussdumnadall mnfindnamhihgdhminesesmideiife iemewannuasnagoy
ANNGNABIITIANzdINInaNlasanfudiiy 17 ¢ Wddearalasanduinnu 12 @ wazidiliade

laaanduiruiu 6 @3 (WaUBUY, marker PCBs %38 indicator PCBs) Tuawsuneesis HRGC/HRMS

13003 WATNITLHIYN

- @snesyungulesanfurindu (EPA-1613CVS, US. EPA Method 1613 Calibration and
Verification Solution, Wellington laboratories) naul#idaameluuulianudniuanas 40 i azla
aﬁazmﬂmmgmﬂa;ulﬂaan%wﬁamq 5 520U (Working Standard Calibration Solution; CS1dil-CS5dil)
%ﬂﬁwﬂ%mmwmmsLwiazc?fﬂumﬁaxa”uﬂmmgmﬂ%mm 2 lulasdns uambiluidemsnagauanuilu
UASI IUKBNTNABBY

- @snespunguidieareleaandudndu (WP-CVS, WHO/EPA PCB Calibration
Solutions for HRGC/HRMS, Wellington laboratories) tiaanmalutuuldanuidnduanas 10 i
wldamsazasnaspunguidiadiglassnduionsaunan 5 s¢du (Intermediate Standard
Calibration Solution, WPCS4I-WPCS5I1)

- @sazarsinaspunauidilieaslosanfududu (P4s-M-CVS BS EN 1948-4:2010,
HRGC/HRMS Calibration Solutions for the marker PCBs, Wellington laboratories) @anamaluuuld
anadudianas 10 h azldmsasmenasgunauiddliadelaaandudaasdunan 5 sy (Intermediate
Standard Calibration Solution, MCS1I-MCS5I)

- msedsnansazamnesuRaNnguRgiadeuwazlindglaaanduiFons 5 sy iiaae
AWNAsgIU (Working Standard Calibration Solution, DL/NDL-PCBdil1-5) laatlilassazas
mmgmmﬁu DL-PCBs L?\iamqi'?uﬂmq DL-PCBs CS1I, CS2I, CS3I, CS4I, CS5I waunuasazals
mmgmmju NDL-PCBs L%'amqﬁguﬂmq NDL-PCBs CS1I, CS2I, CSsI, CS4I, CS5I muaau
Tusasan 1:1 uazdnluwudn 1 du %ﬂﬁwﬂ%mmwmmil,wiasé’ﬂumiazawmmgmﬂ%mm 2 lulasdns
waasBlusdamsnasauanuduiduasilunanmsnaass
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Wiwnziasnauleasndu ssnguiidiemelasandy . .
gianl usEs wazane

q

uazasnauialliaaraloaandu Tuunwe oy HRGC/HRMS

- miaxmﬂmmgmnzﬂu native PCDDs/Fs wn7y (EPA-1613PAR, US EPA Method 1613B
Native PCDD/PCDF Solution/Mixture, Wellington laboratories) naul#iiaansmaazdlau Lﬁa"lﬁlﬁl
a139:AN8IATFIUNGN native PCDDs/Fs 139aN Falsznaudiems native TCDD/F, native OCDD/F
wardn 13 SrfivaaieuEuuINAY 0.008, 0.08 WAL 0.04 pg/ul MNTIFU

- @159zNNINIFIUNGN native DL-PCBs wndu (WP-STK, Native PCB Solution WHO/
EPA PCBs, Stock Standard, Wellington laboratories) nouldidaameasdlouy Lﬁ'aiw”lﬁmsazmﬂ
NNIFIUNGN native DL-PCBs (399 F9an5UAaLeuee native DL-PCBs (12 #7) flanudusuwhiu
0.448 pg/ul

- @sazaemnaspulelalnungu °C, -PCDDs/Fs uiuti (EPA-1613ISS, Internal Standard
Spiking Solution, Wellington laboratories) @aanmaluiuulianudauduanas 40 1w azleansazae
N1ﬂ5§1u181‘21‘[1/1ﬂ ”C,,-PCDDs/Fs Fa919 FaUsznauae "C,-1, 2, 38, 4-TCDD uaz °C ,-1, 2, 3, 7,
8, 9 - HxCDD waaediianudnsudias 2.5 pg/ul

- azaemnasyulalalningu °C-PCBs wintu (WP-ISS, *C, -PCB internal Standard
Solution WHO/EPA PCBs, Stock Syringe Standard, Wellington laboratories) @aa1aa3eluuul
anuiutuaaas 200 wh azldmsasasmnasgulelalnings °C  -PCBs @ensinlsznausis PCB 7oL,
PCB 111L, PCB 13sL uaz PCB 170L mdeaiienusadudias 5 pg/ul

- @saznenaspulalylningn °C -PCDDs/DFs 1@ngu (EPA-1613LCS, Labeled
compound Stock solution, Wellington laboratories), Eﬂ‘iaza’liluﬂ(il‘jgiulai“ﬂﬂﬂﬂa:u C,,-DL-PCBs
wWudu (WP-LCS, “Dioxin-Like” PCBs "*C ,-Surrogate Spiking Solution, Wellington laboratories)
LLazmiazmﬂmmgmla‘[‘ﬂwﬂmju 1‘”’CIZ—NDL—PCBs AN (P48-M-ES, BS EN 1948-4:2010,
Mass-labeled Marker PCB extraction standard, Wellington laboratories) IﬁamﬂLl,asmaus[,ﬁ'tﬂul,ﬁ’alﬁm
ududafiuld GC vial dwsuriily Clean-up Standard w3e Extraction Standard Fausiasenaasil
a3 35 o1 Usenaudeanslalslnings °C, -PCDDs/Fs nndasiiileaniiinm so Alnndu/na
gnciy *C_-OCDD il 100 Winnsu/2a uazaslalalnings °C -DL-PCBs/NDL-PCBs nnenil
{iasnsusanm 100 W3 /10

5ued Laun wimuea loraslsimutazasdlon (Pesticide grade, Labscan) tantzu (n-Hexane
95%, Residue & Pesticide grade, Fisher Scientific) lotafiadmnas (Pesticide grade, Fisher Scientific)
1@muaa (Absolute AR grade, Merck) lutuu (nonane, GC grade, Sigma) luaa@euaantian (ACS,
Merck) nsagani3nansu (AR grade, J.T.Baker) Tnuwnadanlansanlae (AR grade, Merck) JCTGREY
Faauaulansad (Ultra-resi analyses, J.T.Baker) #antaa (Silica gel 60 for column chromatography,
Merck) Famiadaumensasaihiniasar 30 Taathmiin (30% H, SO, - Si0,) @anadaumensagaiiin
Zouay 40 laauniin (40% H, SO, - Si0,) lwunaidey-lansenlyd-3dn (KOH-Si0)) uay
Luaﬂ—azgﬁlﬁﬂuaaﬂl‘m{ (Alumina B-Super I for Dioxin Analysis, MP Biomedical) amﬂﬁnnﬁﬁm

d‘ 1 J 619/9’ = o o ° kg a (9’10’11)
NNANNINDU LI DNLOIYNAINAILULUIYILDNFITD NN

Lﬂémﬁauazqﬂnmf
TN High Resolution Gas Chromatograph/High Resolution Mass Spectrometer, (HRGC/
HRMS, Agilent, GC7890A/Waters, Auto Spec Premier) GC capillary Columns (BPX-DXN 60 m x ID
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and Non Dioxin-like PCBs in Milk Powder by HRGC/HRMS Supat Sangsuay et al.

0.25 mm, SGE sz HT8 60 m x ID 0.25 mm, SGE) Lﬂ%’ﬂﬁzmﬂ'qmuiyﬂmﬂ (Vacuum rotary evaporator,
Buchi, R-215) Lﬂ%}awaahu,uumgudw (Shaker orbital, IKA, KS 501 digital) LAZLATDITELIY
wuuvaavaaaund (Multiple tube evaporator, Zymark, Turbo Vap LV)

i3asudh Idud matasinasenan 2, 25, 50 fiadans MaufgUruaNNg 250 fiaddns nTIewen
AINY 500 WAz 1,000 Hadans ARaNuAEURIUgUananmaly 20 Hades waz 10 Nadwns Vaaaum

AULAUANNY 30 Hadans lau GC vials A7 1.2 198305 Glass insert with spring @13 300 lulasaas

MaEN
v o 1 ‘s' o LY < < & v = = = < LY [l o L
Iﬁuﬂ\lN\'KﬂﬂLLﬂaﬁg@li@li’JL‘L!?J\iﬂ']‘Vi‘SU‘VI']‘SﬂLLazLﬂﬂLﬂﬂa']t’!@NLL@l 6 LOBUDN 3 ‘1J L‘lJ‘L!Gl'J'rJ‘c’I'Nﬂ”I'ViTUﬂ']i

NS

MINEMUNIT

TumsnsiasaasiefiBulsinadeiniadis (instrumental chemical analysis) ¥adNTAMN HART
USuadasiialindandmiuldnu uazaalusunsudmsuanadamuasiiaula wdamasasdamsmnasyu
iemanuduiuiasiigaiiteisssinsaiauinaldgndas wiadasiiaulafidarmualungrangliiis
Annsidasmansamiinaniasiigamuiimimue faansaEunnaaild

manaulasandu nquiidtadalasandy wenduiidiliadalasanduiiumsilifiduazazme
Tealuladiu sseuuilougegaluunuassdasosasanmmels) (EU commission regulation No 1259/2011)®
mmualimnnuazanadayUsnaleiv 1 03y duie 2.5 pg TEQ/g fat, 5.5 pg TEQ/g fat ttaz 40 ng/g fat
MUSIAU warmMrue i lginaila Isotope dilution mass spectrometry (IDMS) lumsiaanaiadie

£

#atladenaeresnaiiaiifadssmndsinaamsilalalnnwinzaundaudulumauazUsunamasns

MIFNG

FadhashaunrUsnm 35.0 038 wazlluasFonsanmiaatdna 1.5 n3y NEITATAENINIFIY
lalylnunanzesansngy °C  -PCDDs/DFs, nau “C _-DL-PCBs uazngn *C_-NDL-PCBs (§23
1 270 L@Nﬁ’]ﬁjuﬂ%mm 100 #addns inldnsIeusnzie 1000 Fadaas WnEMUBAUTINIGS 100 Jadans
wehaeeisagesanuEisau 150 rpm Wunm 5 nf  Wnasazmeuaanay/lawiadmes
(3:1) U335 200 T83303 wehereAIpathesaNNEIsOU 150 rpm Hunm 5 Wit aenslilvusnsu
(Lﬁanmmulﬂ 10 witlduendu Widuemusalsines 25 Tasans CEILUN 9 LLa:ﬂéaﬂTﬁ'Lmn%gu)
asazanesuuuatluafunaNINg 1,000 83803 FAaTEN 2 Aimemsazananaunizy/ laweiiasmes
(3:1) Y5165 200 Haaan T Fuansazmesuuusiniull mintheannnmsatademsnseshulndsusama
1i111J'szma|ﬁ'mLﬂ%"mszLwﬂqmumu1ﬂ1ﬂ"lﬁ'mﬁaﬂ%mmﬂasmm 35 - 40 18daN5 NldNIzUDNANIUIG
50 Haaans Usudsunasareaniau

msmdsanalusiv
YlaasanalSunns 5 183805 18 lUNapaLMFLaALAsLINNTINEA LY ssvaaImMazais
v VIS @ a o
Tvvnalduazrainvdnmusunalunu
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q

uazasnauialliaaraloaandu Tuunwe oy HRGC/HRMS

Msman ludumensadatsndadu

asanadilenaualalunsiouanaung 500 195803 uEnEU3NGs 160 Tadans wehliiflu
ilaideniu unsedaihinuduiulines 20 faddes Wethnneusnuasaehdemamudeiionluibe
Ufjnsen Usasliuantu fasunse (Fuan) wazdunseadaiihinduiulsines 40 1adans wehaeilanau
nldwehaaniasehfisnuEisay 150 rpm WY 15 W7 Usasliusnsu fadunse (%guéw) Fuvudy
Ssaranelnfennanls@seas 5 (m/v) USiNas 40 adans weh UseslWuenduuasieruans suuudanh
Uagnagnl3anes 40 iadans weuddesliuentuussiiviuane msafasuuuldeslilvamulndendauma
wazihlUseweldiudatseana 1 Tadans

msﬁﬂﬁ'u‘%qw‘%‘fﬁﬁm Multi-layer silica column

Fi3am TnunaFonlansanlad-3am danmiadaudiansadaihinianas 30 Famaasumense
#aih3nsazas 40 Famuazlahendae USinm 1.0, 3.0, 0.5, 4.0, 2.0, 0.5 LA 3.0 NSN MNMIAU Ldas
Turadniufidushugudnanamelu 20 fadiues igalmemelawdimslvrewudgadudadiiussdou
MUENTUUSIN®S 20 195805 (52398eN 1iABaNTLI) Lﬁ'aszﬁuL‘aﬂLﬁﬁuagiﬁ%”'uimﬁﬂwﬁamlmieimsaﬁ’mﬁl@i”
NnIuAUTIHIN TEaEEnEUUSINAS 60 Taaans S9TUMIERATINARLABNIINA 100 Hadans Tuas
afailUsznauds ssngu PCDDs/Fs, DL-PCBs waz NDL-PCBs saglhianusulnaauveagaiaud
ihlUsemelimdayssana 0.5 H0dans

fl"l‘il,l,ilﬂm‘iﬂi;jm PCDDs/Fs, DL-PCBs ttag NDL-PCBs (Fractionation)

WPAM win-svgiiieneanlad-gam Fanedeumensadaihiniesas 40 Fam uasludendaa
U31nm0.3, 1.8, 0.2, 0.6, 0.2 uas 1.0 nFumuaeu ldaslumaduiumidushugudnanmeluzing 1o aduns
dl v v v < v o LY = [ a aa [ U v [ S YV
ngaUmemelauiumzlvizawuigatuSadidusuiou shuanaulsnes s 1adans (szlah linaduiu)
ldanrsananlannzunauitium geimeanigudianes s 1a8anT 5895UMImenasauiiaINg 30 19aans

< o . 1 ¥ = a a aa (% v
szyilunanad 1 (fraction 1) zzdameanigu/laaaalsiiny (49:1) Usanas 10 §addas seeiumses
o a aa I o . ¥ ¥ ~
¥apauiIANNY 30 1adans szulluviasail 2 (fraction 2) wasgamezzaaanwu/ lanaalsiimu (1:1)
U305 25 fiadans sassumsmiavasauiinnng 30 dadans szyillunaaadl 3 (fraction 3) sztvae
MazmeNaINaanmIaIAIasziaLuuaeraaa liindayszaina 100 lulasdas wazllaudasvasa
1dlu Glass insert with spring anuy 300 lulasans 9 1, 2 uaz 3 uaau Nlinaamgivisanald
dhasmeszmellaunue Waluuuasssarsnasgulalalnngu °C -PCBs @2 uazasasae
waspulalslnl °C-PCDDs/Fs da319 Y3105 20 lulasdns aslu Glass insert with spring 1
1, 2 Udz 3 NNAGU  WENMELAIBIREN 30 INT Tegazestuaauiitilans 3 dw diuaz 5 lulasdas
uaniuld Glass insert with spring lmiszyllu vial 91 4 waziwehmezn3aaeh 30 Wil (agUdagn

U 1 MedN foelaansanaly Glass insert with spring 314U 4 vial)

M7I0Uuasnan PCDDs/Fs, DL-PCBs uaz NDL-PCBs m#ta3as HRGC/HRMS
ABUMSRAAMBENNTILATBIABIUSUNITINABS6e ) (instrument tuning) Tudiuzas HRMS 14
figmsuan (resolution at 10% valley) Tinmnzanlumsiansiarsluudazngy  HuAammsuanes

MAIANaNINgy PCDDs/Fs siaslivaaniy 10,000° uazenmsuanzasmsieszviarsngn DL-PCBs
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Analysis of Dioxins, Dioxin-like PCBs

and Non Dioxin-like PCBs in Milk Powder by HRGC/HRMS Supat Sangsuay et al.

waz NDL-PCBs aadluiaani 8,000"” aaaaszezda lUnsanmag ¥aimsusuwainsdauisy
\A389 (instrument calibration) §Ed153NATFI wWasgealsAlsdu (perfluorokerosene, PFK) lwiu
Toaemsusndasldmudingrian

Gaanmzrenades HRGC/HRMS tamsiamsdanans 2 ngu (nand 2) uasmsiniausu
framsdamanaspuanududumge udasagiailddasnsunniiouase signal/noise vadudaziia
daslivion 2.5 Warhumudaulaiifasudemanaspuwssmsasadat nsdiiamangulasanduld
msafamaensiaduiioglu Glass insert with spring 7 3 uaznsdiinmanauiiilimsadailldnnmsnauiu

PNIMNFNEIUAD Glass insert with spring 9 4

NN 2 udaNENIEEeNA3ey HRGC/HRMS nlflumsiwnsarsngy PCDDs/Fs wazaningy
DL/NDL-PCBs

80172 (conditions)
a13ngn PCDDs/Fs a3ngu DL/NDL-PCBs

W78 (subjects)

HRGC:
Column BPX-DXN, 60 m HTS8, 60 m
Injection mode splitless splitless
Injector temp ('C) 280 280

Oven temp program ('C)

He flow (constant flow)(ml/min)

Injection volume (ul)

HRMS :
Transfer line temp ('C)
Ton source temp ('C)
Tonization mode
Electron Energy (eV)
Trap (LA)
Scanning technique

Dwell time (ms)

VSIR1 (M, M+2 and lock mass)
(RT range, min)

VSIR2 (M+2, M+4 and lock mass)
(RT range, min)

VSIR3 (M, M+2, M+4 and

lock mass) (RT range, min)
VSIR4 (M, M+2, M+4 and

lock mass) (RT range, min)
VSIR5 (M+2, M+4 and lock mass)
(RT range, min)

initial temp. 150°C (hold 1 min),
ramp 15°C/min to 210°C, ramp
3°C/min to 310°C, ramp 5 C/min
to 320°C, ramp 10 C/min to 330°C
(hold 7 min)

1.0

250
280
EI+
634
4.20
VSIR (voltage single ion recording)

Native compounds 100 ms, labeled

”C, , “C,,-TCDD/F and 330.9792
(18.00-22.50)
“C ,, °C ,-PeCDD/Fs and 342.9792
(22.50-26.50)

12012, 13Clz—HxCDDs/Fs and
380.9760 (26.50-31.00)

“C ,, °C -HpCDDs/Fs and
416.9760 (31.00-35.50)
12012’ 13Clz—OCDDs/Fs and
454.9728 (35.50—-42.50)

initial temp. 150°C (hold 1 min),
ramp 20 C/min to 210°C, ramp
2°C/min to 250°C, ramp 10 C/min to
330°C, hold 22 10°C/min to 330°C
(hold 7 min)

1.0

4.20
VSIR (voltage single ion recording)
Native compounds 100 ms, labeled
compounds 25 ms
12012, 13C12—PCB28, 52 and 292.9824
(14.00-19.00)
12Clz, 13012—P0B77, 81, 101, 105, 114,
118, 123, 126, 138, 153, 156 and
318.9792 (19.00-30.80)
2012, 1E'Cm—PCB157, 167, 169, 180, 189
and 380.9760 (30.80-40.00)
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Wiwnziasnauleasndu ssnguiidiemelasandy

N3IAUIN

msaauseandly 2 Fuasuia sussuusniilumsiamsiuiia NN NUINAIFIULBZAIUIN
USinaanslumaezasnmananialisunsy Masslynx™ v 4.1 waztunsuiigaaiiumsinannusna
LLﬁzHNHaﬂ’NNL‘ﬂuﬁ‘tﬁlENEﬁiLLGiﬁ::ﬁ’ﬂHl‘Zlﬁuﬁl@ﬁ’]ﬂﬁ]ﬂﬂ’]ﬂ Sdesmnalinanannanyaenuiuie
wasansuaasngulaaldlusunsy Microsoft Excel 2007

We

MINMUNID

ideuasanzaaUSinaasasnasulelslnungu °C, -PCDDs/DFs fsazazinasyulalylny
gy °C, -DL-PCBs uas ahsazmeanasgulalalnungs *C, -NDL-PCBs awsuviilu Extraction
Standard #idnasludnagdaumsata Fashlilumsatauignizasdadunaumsiaiiaio
HRGC/HRMS fienuinduasinaspulalalnungs °C -PCDDs/Fs nindauniu 2.5 wlnn3u/lulasaas
#ntiu°C -OCDD 1zl 5.0 Wlnn3u/lulasdns uazarsinasyulelslnungu °C  -DL-PCBs/NDL-PCBs
nagiaNNENTuIMiY 5.0 Winnsu/lulasdes FAeiaedeneansnasyudmsumssPennnanasg

3 e t!l' = J v 4 " v o ' v a 4
4 5 szau e lanudndurasasazmamnaspulalzlninguasnanumiulumsasae s nanauignd

v &, v a
LLaxlﬂVlﬂaaUﬂaﬂutﬂuLaumiﬂ (@l']i']\i‘yl 3)

Y a

1 el g e 3 o Q( ¥ g 1
damnlaUSudunaumsana aunaumsildiusansay wasauaaumsuena1sngn PCDDs/Fs,

]
YU V a a

DL-PCBs uaz NDL-PCBs (Fractionation) #laisasnadunalilunaudu tediuduanugnedauas
WiFatievedidinmmni lanagauanugndewsdisdldnansns Uil

msnadauanNiludunse

quwuﬁé’w’aﬁmsmaﬁme::ﬁl,%qﬂ'%mmﬂmmiﬂéjué’fqn’ch'ﬂﬁmﬂﬁﬂmslﬁamﬂa‘[ﬁ‘[wﬂ (isotope
dilution) %qa'?NﬂiwsImmg’lmmu isotope dilution calibration (EIﬂL’alu 1, 2, 3, 7, 8, 9-HxCDD, OCDF
uaz PCB 138) laam Relative response factor (RRF) :mnmsnadaudassanasgiulsngs 2 lulasans
M 5 sEdumaiinaidamanaspuwesmsieden wuhamsndidamsiensiiien %CV agssuig
2.04 - 12.32% WazMINNIANABIWSuas 1, 2, 3, 7, 8, 9-HxCDD, OCDF uwaz PCB 138 1435
internal standard %ﬂﬁ%ﬂx‘lﬂ'ﬁﬁvﬂmﬂigﬂmmu internal standard calibration Wushsna 3 & leren %CV
BETENIN 4.34 - 7.71% NNTIYAZLDEN (5197 3)

NaMIeNeiiathauumsdmiumsn 7 9 uazldTusunsu Masslynx™ v 4.1 (TargetLynx)
Tasmaedalud@lumam LOD war LOQ uwdnhindnnadelasiiinUinasganesasnsafamatauay
Usanadluiuludhaa (a59@ 4) Feeh LOQ Aladienusdasnnuazih lullumsaunameni3nasy
anuiluivaainguans ague LOQ émsuasnanlaaanduiian 0.06 - 0.32 pg/g fat aniu OCDD/F

v
T

fadafigaldnase uazen LOQ dmsussnguiidiinarslasanduuasidiueiio 1.85 uas 3.50 pg/g fat
MUY
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Analysis of Dioxins, Dioxin-like PCBs

and Non Dioxin-like PCBs in Milk Powder by HRGC/HRMS Supat Sangsuay et al.

15790 3 mwuﬁJuLﬁummmmsl,wia:m”ﬂuminzju PCDDs/Fs uazminaju DL/NDL-PCBs

USinassmnasgrunazenuiludunse

4 Y3 %CV o Y3 %CV
LG RR] : LOGRR] :
Mg0-gage (pg) or %RSD nga-guge (pg) or %RSD

2, 3, 7, 8-TCDD 0.10 - 10.0 8.85 2, 3, 4, 7, 8-PeCDF 0.50- 25.0 5.04
1, 2, 3, 7, 8-PeCDD 0.50 - 25.0 6.14 1, 2, 3, 4, 7, 8-HxCDF 0.50- 25.0 2.76
1, 2, 3, 4, 7, 8-HxCDD 0.50 - 25.0 3.61 1, 2, 3, 6, 7, 8-HxCDF 0.50- 25.0 5.06
1, 2, 3, 6, 7, 8-HxCDD 0.50 - 25.0 3.03 1, 2, 3, 7, 8, 9-HxCDF 0.50- 25.0 4.72
1, 2, 3, 7, 8, 9-HxCDD 0.50 - 25.0 4.34 2, 3, 4, 6, 7, 8-HxCDF 0.50- 25.0 7.21
1, 2, 3, 4, 6, 7, 8-HpCDD 0.50 - 25.0 2.04 1, 2, 3, 4, 6, 7, 8-HpCDF 0.50- 25.0 7.69
OCDD 1.00 - 100.0 9.18 1, 2, 3, 4, 7, 8, 9-HpCDF 0.50- 25.0 9.52
2, 3, 7, 8-TCDF 0.10 - 0.0 11.45 OCDF 1.00-100.0 7.71
1, 2, 3, 7, 8-PeCDF 0.50 - 25.0 7.88
PCB 77 0.67 - 53.33 5.89 PCB 157 0.67-53.33 12.32
PCB 81 0.67 - 53.33 6.49 PCB 167 0.67-53.33 6.95
PCB 126 0.67 - 53.33 4.37 PCB 189 0.67-53.33 7.01
PCB 169 0.67 - 53.33 6.73 PCB 28 0.33-166.67 7.30
PCB 105 0.67 - 53.33 6.78 PCB 52 0.33-166.67 7.88
PCB 114 0.67 - 53.33 7.18 PCB 101 0.33-166.67 7.15
PCB 118 0.67 - 53.33 4.94 PCB 138 0.33-166.67 5.14
PCB 123 0.67 - 53.33 6.30 PCB 153 0.33-166.67 3.79
PCB 156 0.67 - 53.33 7.41 PCB 180 0.33-166.67 3.34

g3 4 @ LOD waz LOQ wesansusiazdluasngs PCCDs/Fs uazansngy DL/NDL-PCBs

4 LOD LOQ 4 LOD LOQ
LRGRR] LEGAR]

(pg/g) (pg/g)  SD %R* (pg/g) (pg/g) SD  %R*
2, 3, 7, 8-TCDD 0.05 0.06 0.02 121.4 2, 3, 4, 7, 8-PeCDF 0.05 0.32 0.06 108.9
1, 2, 8, 7, 8-PeCDD 0.05 0.32 0.06 94.4 1, 2, 38, 4, 7, 8-HxCDF 0.05 0.32 0.08 106.4
1, 2, 3, 4, 7, 8-HxCDD 0.07 0.32 0.06 89.4 1, 2, 3, 6, 7, 8-HxCDF 0.05 0.32 0.06 102.3
1, 2, 3, 6, 7, 8-HxCDD 0.07 0.32 0.10 104.7 1, 2, 3, 7, 8, 9-HxCDF 0.08 0.32 0.05 94.9
1, 2, 3, 7, 8, 9-HxCDD 0.07 0.32 0.17 74.7 2, 3, 4, 6, 7, 8-HxCDF 0.07 0.32 0.11 83.6
1, 2, 3, 4, 6, 7, 8-HpCDD 0.06 0.32 0.08 127.7 1, 2, 3, 4, 6, 7, 8-HpCDF 0.06 0.32 0.08 113.6
OCDD 1.33 0.64 0.65 211.1 1, 2, 3, 4, 7, 8, 9-HpCDF 0.08 0.32 0.09 131.1
2, 3, 7, 8-TCDF 0.04 0.06 0.02 75.7  OCDF 1.47 0.64 0.70 271.6
1, 2, 3, 7, 8-PeCDF 0.05 0.32 0.05 132.0
LOQ fiuasiulnaansy (WHO-PCDDs/Fs, pg TEQ/g fat) : lower bound 0.732 0.14 100.3
LOQ fuasinlnaandu (WHO-PCDDs/Fs, pg TEQ/g fat): medium bound 0.732 0.14 100.3
LOQ iiuasinlnaandu (WHO-PCDDs/Fs, pg TEQ/g fat) : upper bound 0.732 0.14 100.3
PCB 77 0.35 1.85 0.48 103.2 PCB 118 0.28 1.85 1.29 105.4
PCB 81 0.38 1.85 0.38 89.3 PCB 123 0.32 1.85 0.68 88.9
PCB 126 0.56 1.85 0.85 98.2 PCB 156 0.72 1.85 1.16 104.6
PCB 169 0.34 1.85 0.94 99.4 PCB 157 0.26 1.85 2.99 397.4
PCB 105 0.35 1.85 0.80 116.1 PCB 167 0.22 1.85 1.04 98.1
PCB 114 0.30 1.85 0.45 90.4 PCB 189 1.66 1.85 0.71 111.2
LOQ finasiniidinaralaaantyu (WHO-DL-PCBs, pg TEQ/g fat) : lower bound 0.671  0.10 98.5
LOQ fnasinizinarelnaanty (WHO-DL-PCBs, pg TEQ/g fat) : medium bound 0.671 0.10 98.5
LOQ finasinizinarelnsansy (WHO-DL-PCBs, pg TEQ/g fat) : upper bound 0.671  0.10 98.5
LOQ #iuasin WHO-PCDDs/Fs-DL-PCBs, pg TEQ/g fat:lower bound 1.396 0.21 99.2
LOQ #uasin WHO-PCDDs/Fs-DL-PCBs, pg TEQ/g fat: medium bound 1.396 0.21 99.2
LOQ jisasin WHO-PCDDs/Fs-DL-PCBs, pg TEQ/g fat : upper bound 1.396 0.21 99.2
PCB 28 0.96 3.50 0.14 73.4 PCB 138 0.33 3.50 0.13 121.1
PCB 52 0.83 3.50 0.14 116.6 PCB 153 0.30 3.50 0.11 100.1
PCB 101 0.61 3.50 0.10 95.1 PCB 180 0.86 3.50 0.16 114.8
LOQ fuasiniidiiliinaralnaandu (NDL-PCBs, pg/g fat) :lower bound 245 070 115.2
LOQ diuasiniidilsmaralnaandu (NDL-PCBs, pg/g fat) : medium bound 24.5 0.70 115.2
LOQ fuasiuiidiilsinaralnaansiy (NDL-PCBs, pg/g fat) : upper bound 24.5 070 115.2

* %R: Sp8aLMSNAUAY (%recovery)
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ANMUNUUIZANIMTIYY
NNMINaFaUlagMENNINAIPIUNGNAINAINUMBENUNKINTEAU LOQ (5197 4) 56U
geganzanliasanula (a9 5) madenezilumeiniggandausiaassnngylaaandunnainien
1 o L a a Yy v A ¥ 1 d‘ Y v
nnnhdanfamsiadausinalasesasmanauiuaglugn 87.9 - 120.6 (N3N 6) wazlahsunegay
ANNTNNY I IR JURNMINU Bipea UseneaelSuaalumsnsiainssiarsngu NDL-PCBs ludiadng

UNEN WUNANNNENUEA LU Z-score agluzag -1.60 69 +1.35 (5NN 7)

MINT 5 ANUUAULIEANNNENZBIM SN TNNNTFIUNGY PCDDs/Fs waz PCBs szau ML

y spiked n==6 y spiked n==6
goans level %R %RSD god level %R %RSD
(pg/g) mean + SD (pg/g) mean + SD
2, 3,7,8-TCDD 0.20 121.4 £8.7 8.37 2, 3, 4,7, 8-PeCDF 0.98 104.3 + 8.4 5.48
1,2,3,7,8-PeCDD 0.98 108.4 £6.3 7.06 1,2,3,4,7,8-HxCDF 0.98 104.6 + 3.6 6.27
1,2,3,4,7,8-HxCDD 0.98 108.6 +5.8 6.67 1,2,3,6,7,8-HxCDF 0.98 102.1 + 5.3 4.90
1,2,3,6,7,83~-HxCDD 0.98 109.3 £7.2 8.54 1,2,3,17,8,9-HxCDF 0.98 104.1 £ 6.1 6.43
1,2,3,17,8,9-HxCDD 0.98 101.3 £11.4 13.35 2, 3,4, 6,7, 8-HxCDF 0.98 103.6 + 4.6 5.29
1,2,3,4,6,7,8-HpCDD  0.98 107.9 £7.3 6.95 1,2,3,4,6,7,8-HpCDF  0.98 109.3 + 4.7 6.43
OCDD 1.96 200.2 +16.3 9.97 1,2,3,4,7,8,9-HpCDF  0.98 101.8 + 3.0 5.29
2,3,17,8-TCDF 0.20 112.1 £10.9 8.57 OCDF 1.96 228.8 + 56.4 24.41
1,2,3,7,8-PeCDF 0.98 108.6 +4.2 4.53
uasInlaaandu (WHO-PCDDs/Fs, pg TEQ/g fat): lower bound 2.420 108.0 £ 5.2 6.77
uaNlaaandy (WHO-PCDDs/Fs, pg TEQ/g fat): medium bound 2.420 108.0 £ 5.2 6.77
uasilnaandu (WHO-PCDDs/Fs, pg TEQ/g fat): upper bound 2.420 108.0 £ 5.2 6.77
PCB 77 22.03 104.9 £5.3 5.96 PCB 118 22.03 124.1 + 5.2 6.20
PCB 81 22.03 104.6 £ 4.9 5.63 PCB 123 22.03 112.3 + 2.5 3.33
PCB 126 22.03 114.0 £8.2 7.08 PCB 156 22.03 114.5 + 4.5 3.82
PCB 169 22.03 98.3 £ 6.0 5.28 PCB 157 22.03 154.9 + 4.6 4.34
PCB 105 22.03 132.8 £3.5 5.10 PCB 167 22.03 109.1 + 3.4 3.37
PCB 114 22.03 117.5 £ 4.3 5.14 PCB 189 22.03 107.4 + 3.0 4.14
nasINNTUAee loaandu (WHO-DL-PCBs, pg TEQ/g fat): lower bound 3.175 110.4 + 6.5 5.60
nasnidtamelaaandu (WHO-DL-PCBs, pg TEQ/g fat): medium bound 3.175  110.4 £ 6.5 5.60
nasnidtemelaaandu (WHO-DL-PCBs, pg TEQ/g fat): upper bound 3.175  110.4 £ 6.5 5.60
#8974 WHO-PCDDs/Fs-DL-PCBs, pg TEQ/g fat: lower bound 5.595 109.3 £ 4.9 5.02
#8394 WHO-PCDDs/Fs-DL-PCBs, pg TEQ/g fat: medium bound 5.595 109.3 £ 4.9 5.02
#8333 WHO-PCDDs/Fs-DL-PCBs, pg TEQ/g fat: upper bound 5.595 109.3 + 4.9 5.02
PCB 28 0.61 101.11+0.7 10.58 PCB 138 0.61 100.5 + 5.1 6.54
PCB 52 0.61 119.6+ 10.0 9.00 PCB 153 0.61 103.6 + 4.8 4.89
PCB 101 0.61 119.9+ 6.0 6.06 PCB 180 0.61 161.3 + 26.0 17.98
uasuiidtliraraleaandy (NDL-PCBs, pg/g fat): lower bound 42.30 115.2 £ 3.7  3.54
uasndidd linarelnaandy (NDL-PCBs, pg/g fat): medium bound 42.30 115.2 £ 3.7  3.54
uasndiddlindrglasandu (NDL-PCBs, pg/g fat): upper bound 42.30 115.2 £ 3.7  3.54

* 9%R: $pEaMSNAUAY (%recovery)
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Analysis of Dioxins, Dioxin-like PCBs

and Non Dioxin-like PCBs in Milk Powder by HRGC/HRMS Supat Sangsuay et al.

Py o ' o ' P v a ¢ " w Y a
MIINN 6 ﬂ’nuL‘VlElxi“llmmiLLGlax@lﬂum‘iﬂqu PCDDs/Fs “?Nv[,mnﬂm’i’.]Lﬂ’iw‘l/i(il’.latﬂﬂﬁ(?] BNDNUNKN

(Reference material No 607 Natural spray-dried milk powder)

USuannmsIeszy (pg/g fat)

%'aem certified value
(pg/g fat) ﬂ%ﬁﬁ 1 (%Recovery) ﬂ%ﬁﬁ 2 (%Recovery) ﬂ%ﬁﬁ 3 (%Recovery)
2,3,7,8-TCDD 0.25 0.24 (96.0) 0.26 (104.0) 0.26 (104.0)
2,3,7,8-TCDF 0.05 0.035 (70.0) 0.045 (90.0) 0.045 (90.0)
1,2,3,7,8-PeCDD 0.79 0.91 (115.2) 0.80 (101.3) 0.84 (106.3)
1,2,3,7,8-PeCDF 0.054 0.06 (111.1) 0.04 (74.1) 0.04 (74.1)
2,3,4,7,8-PeCDF 1.81 1.77 (97.8) 1.79 (98.9) 1.83 (101.1)
1,2,3,4,7,8-HxCDD 0.42 0.39 (92.9) 0.38 (90.5) 0.39 (92.9)
1,2,3,6,7,8-HxCDD 0.98 0.97 (99.0) 0.97 (99.0) 0.88 (89.8)
1,2,3,7,8,9-HxCDD 0.34 0.39 (114.7) 0.37 (108.8) 0.41 (120.6)
1,2,3,4,7,8-HxCDF 0.94 0.98 (104.3) 0.90 (95.7) 1.01 (107.4)
1,2,3,6,7,8-HxCDF 1.01 1.07 (109.9) 1.15 (113.9) 0.98 (97.0)
2,3,4,6,7,8-HxCDF 1.07 1.12 (104.7) 1.07 (100.0) 0.94 (87.9)

NN 7 AN NG NDL-PCBs ludiaunmg :nmMsinsinnaaaunusingssnin
WU uienmsnu Bipea Ussinalaea

Fomsngu Assigned value  USmaanmsiensi 1 Z-score eI seaNiu
NDL-PCBs (pg/g fat) (pg/g fat) Z-score + 2

PCB 28 0.80 0.40 -1.60 satisfied
PCB 52 0.80 0.60 -0.80 satisfied
PCB 101 3.5 3.0 -0.48 satisfied
PCB 138 1.6 2.1 1.00 satisfied
PCB 153 4.1 2.7 -1.12 satisfied
PCB 180 5.7 8.0 1.35 satisfied

sum of the NDL-PCBs 16.2 16.9 0.14 satisfied

90l

Faiinaanuamsiensinangulasenfuuasnguiaiilsznaude 5 tunaundn §ivuszans
TdiannuazSuiunaume q fe

1) asenyEniussazmanasgulalylnings °C,,-PCDDs/Fs #uflu Extraction Standard
uwaz Internal Standard Spiking Solution (Ju 2.5 @lnnSudalulasans Fuipenidisues US-EPA
1613 revision B uazdiiilannmsilnausuidawfitmsiivasufiamanidaunadan NMINeNaegLied
(Ume# university) Uszinaaiioudladl w.a. 2553 wazdsiilannmsilneusndelfiamsinasficns
3% IDEA Consultants, Inc. Stwiadulozns (Shizuoka) Ussmadituiilal w.a. 2554 uasanideuns
Joseph Ferrario uazaniz® aelalugis 5-100 wlnnSudelulasans waliminzdmdumsasinieney
Tuunwidedadinnzilussaudnlududuan (part per trillion, ppt)

M58 35NN FNFASMTUNNE

240 Ui 58 atun 4 gaan - 5UNAN 2559



Wiwnziasnauleasndu ssnguiidiemelasandy . .
gianl usEs wazane

q

uazasnauialliaaraloaandu Tuunwe oy HRGC/HRMS

2) aaanududumsasazmnasgulelalniungy “C -DL-PCBs uazngn °C -NDL-PCBs
dlu 5 WlnnSudalalasins Faiaeniiizues US-EPA 1668 revision B wazdsdildmnmstinausa
Baufiamsiveslflidmaeiidanadan umninedogilier (Umea university) Ussinaaiiouiiiadl
.. 2553 WardsAldnnmitinausuidelfiamsivac fiiimsu3th IDEA Consultants, Inc. Savingulasny
(Shizuoka) Ussmeadituiiel w.a. 2554 #ldluge s5-500 WlnnFudelulasdas mgualumsnssiil

wutdenunnan N ludafeuan

v
Yot al o

3) ndiinadmaiandlumsadamandulassnfuuazAdiieliizii LoQ Wyl
damuuauasanmwglsy Fedanaliienssunmunniulasdiuldamunnmsmsseasmanduiuze OCDD,
OCDF uaz PCB 157 fisnwailaluzaedasas 211.1-397.4 (miw?'i 4) Fansing 3 ﬁaﬁﬁmaugamm
Lﬂuﬁw‘iwmﬂﬁﬂﬂdqma@iamsﬁmam%aﬂazm‘sﬂﬁuﬁuwamaim@hﬂm&ammLﬂuﬁwwmmiﬁy’wm

1) antusaumsnldmsaiadaieuiansiu Undmengudsnanasgnadiaaaninwiaufulasiu
ez IIUMUBY 1 FeiiUSnanninesmmaiiafeutuasiaula  lumaseiidanldnsesdaihsndumu
wazld multilayer silica column iemanlasuiiasalduszana 15 03y WawSeusuruiesficms
LATFWNNRDN AzLAd wiMingnagauied Ussinaaiau? AlFnanmsunsthuiiadansin (dialysis)
iamdalusiuiilidiu 20 ndu Wiidadevandadasldnaadaias 3 fu uazdadldgunsaiawsianzg
w39 1% multilayer silica column vareeadny FazdaslddamuazdvhazmaUsnesinn wazthaany
Unaafenasans aninsuazannslaanss nssnanassaey Ussnadiu®® @onld 335 tlamdaladiu
Teun ms1% Acetonitrile partition msl#nsadaihsnudady uazmsld multilayer silica column #4azap
Tnauazdarazansanngudiaiautunidded

5) USurunaumsuana1sngy PCDDs,Fs, DL-PCBs uas NDL-PCBs lususauiifisauasams
(&80 lFLNee mixed mode solid phase extraction Na17@ 8U399 multilayer silica agiuu%gu basic alumina

FazhgaanmuazUSinamssransdunad WalSsuiisunuaueaunldeaauiussyueiuiegedu (solid

(12) (12,13)

phase extraction) #iie basic alumina”® %38 activated carbon KAEVAININUENENTINEINNFY
LY v t4 o 3 1 . o Y a t:‘ft;’ v . oy
2ANMNAULDD ANUIVNEINFIU (3 fractions) lﬂsxmaLLa:wﬂwusqwﬁwmﬂ multilayer silica column

%138 activated carbon NENTAMBNATI BV DN a9 LADANANTUENNTDE 6 213 wazsaaa ldasazans

v
a

tNFuce vﬁabjLﬁuﬁy'uﬁﬁaﬂif‘lwgﬁumsmﬁtﬂwém%'umimaﬁmeﬁmiﬂejulmaaﬂ%mmﬁy’u Fagruily
Fadanilaieuiasineasclumiasei

NRaMINaFauANNgnAasatitluudanide milldiisutumslssiuammwisensuluds
US-EPA 1613 revision B® uaz US-EPA 1668 revision B®® wui enufludunss (linearity) 2e9
eila isotope dilution AasNTANIINAY %CV 29 relative response YDIEITNINTFIU 5 T=OU RN
Tihu 20% Fudadsusuilalumadeiiamszuig 2.04-12.320 sohATeNeiisamnzgwiushll
Tnunaziiansinedildineiia internal standard laud 1, 2, 3,7, 8, 9-HxCDD, OCDF uaz PCB 138
msnsanenuiuduassdasiarsanannm %CV 289 response factor 289815NINTFIU 5 TAHU DI
Ty 35% udadisutuilalunmaseiansi 3 ¢ Smsewing 4.34-7.719%  SuNATIRNERTWINE
dnsuih U ldnu
GRMNHNTNHAN INATIUANNYNGHBIYBTIE ludaliadnazesmyiadausina w35 US-EPA

1613 revision B was US-EPA 1668 revision B"” Lifidayadhmiua LOQ lusagnususdmsu
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Analysis of Dioxins, Dioxin-like PCBs

and Non Dioxin-like PCBs in Milk Powder by HRGC/HRMS Supat Sangsuay et al.

anmnglsl™ sz @ LOQ sedisarsiimuniuiawilsduiaesd ML fsludateunmuuad ML
289d135ngN PCDDs/Fs 1y 2.5 pg TEQ/g fat Hasiuwadansnagu PCDDs/Fs fuansngu DL-PCBs
WAy 5.5 pg TEQ/g fat uazansnay NDL-PCBs tinu 40 ng/g fat Fatiuem LOQ YN TUADENGY
asfienUszana 0.50 pg TEQ/g fat, 1.1 pg TEQ/g fat uaz 8 ng/g fat mwseu Fuiawdsuiiou
Fuaiimldannmiseiuhiv 0.732 pg TEQ/g fat, 1.396 pg TEQ/g fat uaz 0.0245 ng/g fat MuaGU
ﬁ'ﬁﬁmimmﬂmﬁaqﬂdﬁ'ﬁﬁLﬂiwzﬁﬁﬁmLﬁuﬂ%mmﬁmﬂnmﬂﬁu Lﬁaslw”lﬂ”lwﬁ'mﬁuﬁw'%aaﬂﬂ%mmqﬂﬁw
?JENmsaﬁ'mu'%qw%stmm%aaaz 25 Lﬁﬂﬁ”@h LOQ ?Iaﬂﬂ’lﬁﬂq'll PCDDs/Fs waz LOQ Wa35IW
p4a3ngu PCDDs/Fs fuasngy DL-PCBs finlifuiianmwglsulimssansy
mmu,siul,l,asmmLﬁmwaﬁ%mnwamswmaaummgﬂﬁaqwaﬁ%mimaﬁLﬂiﬁzﬁmimju PCDDs/
Fs uaz DL-PCBs "z‘;mwqu‘[ﬁﬂ““ ﬁwwumlﬁ'ﬁﬁaﬁawﬁﬂqﬁ (Analytical criteria) 28953LATIERNEIIN
uamINUIanaenuiuivanyavesansngy PCDDs/Fs a13ngn DL-PCBs uaswa‘nmaqmsﬁg\aamﬂéu i
530U ML %38561U action level MANNUNU (trueness) 2a335msianaglugg -20% 69 +20% wWuiu

aAav Aaa o

MYUNA £ 5.2 £ 6.5 UZ £ 4.9 MUNAU LLaxmmLﬁmwm within-laboratory reproducibility (RSDR)

2aEmIiietpani 15% museu Fanadldnnnudsaiiim 6.77, 5.60 Wat 5.02 MUY WisRTAN

nnewanil nanleaminzamdunihlulFnu
mmu,u'uuazmmLﬁﬂma\ﬁ%'mﬂwamimaaummgnd’awaﬁ%mamm’immzvi'man’u

o

NDL-PCBs Zanmweglsd™” mvualiniidayningfiveidieszd (analytical criteria) fissdu ML

[

%3832V action level MANNUNY (trueness) 2aIaMITHAIBYIUTN -30% B9 +30% WUTNIUI aililen
+3.7 WAZANNLABIEY intermediate precision (RSD) 2a9iaasiian < 20% Feniseiiiian 3.54
laRnsananamanil nanlamanzdmiuilulny
vanilonnmaduasnaspuiisulaasludaiedauada fideussamssaldusafiuamuuiy
2BIIBMINTINIANLYa3naN PCDDs/Fs luunniad (reference material No 607 Natural spray-dried
milk powder) wafilaiiaidauiiisuiu certified value wuhlndidsaniaiiasnaniudasazmsnauiu
ez 70.0-120.6 Failuemiansuldamsumsanaiwnsdarslusseu ppt wasdalaussfivanausiv
2BIIBMINTINIATNHININGH NDL-PCBs Tuunenloaidnsanlusunsumsnagauanusnngmsnuaians

lulsznanuaa namsusziiulaa Z-score agszning +2 Fdahanala

a3

9
wamsdnm ldussgmuinguasasdiionalise 18l nsimandulasandu #at-adealanendu
warivailindelasanduludeteunnsdis HRGC/HRMS Fumhelviszudanauasdunudaming uay
lanagauanugnasswssiswuhuminzanamiuvih luldou ensaiblulddudeyasivayunsaaiuses
SEUVNATTIUEING ISO/IEC17025:2005 uazldlunuliuimaviacidadedmamaluiauussms
manunguluun uaskdosasiiudalulszmaviaihianndlssmadell udiitomssz aiilaiimanaa

Wua3 OCDD, OCDF waz PCB 157 YuitlauludiadaunmiuFanageaanansenuaamuasinanyanu

]
acd

WUNHNNNINS8882 10 MSNAIINYMSIUANENLINEMIRENTTUNMULALEB LoD wala e e uNa
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Method Development and Validation for
analysis of Dioxins, Dioxin-like PCBs

and Non Dioxin-like PCBs in Milk Powder
by HRGC/HRMS

Supat Sangsuay Sirichai Sunya and Sirinnicha Seemachaisin
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road, Nonthaburi
11000, Thailand

ABSTRACT Broad toxic and biochemical effects for PCDDs/Fs, DL-PCBs, and NDL-PCBs have
been reported in laboratory animals. The most sensitive endpoints are developmental neurobehavioral effects,
developmental reproductive effects and immunotoxic effects. More than 90% of human exposure is through
food, mainly meat, fish and shellfish, milk and dairy products. It is widely known that the determination of
PCDDs/Fs and DL/NDL-PCBs requires special expertise, sophisticated instrumentation as well as a lot of
time, manpower and chemical substances. The objective of this study is to develop and to validate a method
of analysis of PCDDs/Fs and DL/NDL-PCBs in milk powder. Based on EPA 1613B and 1668B method,
the method had been modified by increasing sample weight, changing and adjusting some chemical
substances in extraction, cleaning-up procedures and separation of PCDDs/Fs, DL-PCBs and NDL-PCBs
in which the limits of quantitation correspond to 0.06 — 0.64, 1.85 and 3.50 pg/g fat, respectively.

Key words: Dioxins, Dioxin-like PCBs, indicator PCBs, milk powder, extraction, HRGC/HRMS
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morsauge Buflumsmifiunumuulanenssnanansaguinwaiudiiossdunsenas Tullulszanm 2557
Lﬁ'aa'aLa%uﬁmﬂ,ﬁﬁ'ﬁm‘sL‘i"hwmﬂﬁﬂ'ﬂﬁcjmms%’mmqmmw w’%aﬁ'mﬂﬁﬁamsﬁﬂ'ﬂsﬂﬁdwLﬁumsmmzuuqmmw
Tl AUMNLAZN AT UM IUEMIUAE LT UM I UTRINNINATTIUNTNTNOTITUEY D11 434 wiia Teafiduaay
daglumsaidiums laun msvamanesgruiessuuamsmemsunwng Usznaudie damuuamuuimsuas
MUITINT WUUATIIFAMNKzUsElUKD 80 9B MIININTLUIUNMTNTIUTELY MsausHEUHURNUYS
vasdfudanisiiianuiuasenudnlaludeimnue wasmsdamgiaulawe Famuuauazideulanisiuses
FEUUUIMNIAUMN WU HUAMINNMSUNNEMNINATFIUN TENTNEITITHNFY Lﬁaﬁlﬁ‘lumu%imﬁmﬂﬁﬁﬁmi
MMsUNNgFINansznsnassugy laskasljidmsnguihuing lasumsiuses 227 uis waznguuaniihvang
T¢umaduses 179 uvis sy 406 uvs wazwamsaauuuudaumMMiaUsafiunaauiswalazasmssusas
Woul FUAMSMNNIANTIIUNTENTHANFITUGY MUMIUINT MuUMInTUI2LTY uaziuaumwmsuims dadu
oy 85.85 84.66 Waz 85.81 MuAAU anATunariaNNanalaiiaal] esar 80.00 duluszuuMsTUTEN
Jovhiu Suhlulflumsiusasszuutimaammwiasl foamsmemsunnddafanssnsramsagmiunguusn
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nssAnenengasmsunng loaadtinanaspudesslfuanms uazguiinenaansnmsunng lagaasu
wazatuayuliiaslfuamslsanennadenaainnulaansensnamssugy hssvuaamwliaiums
athagaiiias ouTassmswannssuuammwiaslfoamamemsunnd daudthutssanos w.a. 2547 - 2550

MsduasNuazaiuayumaInms ldlsawenanouieludinasinnulaanssnynas sage
U 830 WWY s‘z’;qL?Juﬁmﬂﬁﬂ’ﬁmi‘vmnwsLwaEanﬂ%'gﬂajulwnjwmﬂizmﬂ dafiuanuaauazviie
lunmsiannssuuammumsanaiensiludaslfidmszadsmena lasmsmvuagduuumswannuas
inawimaWan MaueGIAnEnIINMINaINITUUAMMWIas i matugasa sy cumdinazn
gy lesdeslfudmslamifiumavenmumnaspuiasd fUimsmemsunng 2544 uazanasgu
ana ISO 15189

doanthuilssana w.a. 2551-2552 nsznanamsnguimualiiudiialusmumsenansms
wazfimanunsaiund laeaslUdnmsaninsadanmilumsmuszsuugaumMwinNasuNUNaiansuwng
(LA) %58 ISO 15189 Medical laboratories-Particular requirements for quality and competence
MNAMNIINZANYBIRUT uazUsziiuNaauLD (Self-assessment) loglfuvuasalsafiuszuunamn
(Check list) waqmmgwmmmﬂﬁﬂmmwwﬁ 100 78 (AZUUY) a"m%’ummgmmumﬂﬁﬂmmwmt‘f 2551
waznuudsziiunavas JUAmMsnmeamsunnd 243 28 (Azuuu)® Hmsumseniiumsmuanasgiu IS0
15189 tieliasjiamasuiiunamsmiiiumsaeandasfudommuauasszuunmmwildeniiums
warssnuuamslsziiuqumwiduanuinmivessszauasuuulumsWwawgaawiasljidng
Tosmmuaiflussdumswann 3 ou

Taudszann w.a. 2553-2556 NTENTNEIFITUFY SHUFUUMIOHUNUMNURUNANTZUUUTNS
(Service plan) Tasdnszuuadatherdmsgamwmiiy 12 wisdhe udazieiaefimauimmnseduaiud
izé’uﬂgugﬁ (Primary Care) isﬁunaﬂgﬁ (Secondary Care) LLassxé’UﬂﬁﬂQﬁ (Tertiary Care) lag
ajw’;’ﬂﬁwﬁaau‘%miLwiaxszé'fuﬁwmwﬁwﬁummﬁﬁu wazBanlaniudeszuusinsIane (Referral System)
wdsnuuimamaiaslfiams fazdasiimsuimsiananiwensiifegadafivssansnnuasdue
dalwiimsliuimsgumwldadnivssaninm wasgSuuimsminsadidemsuinsldadmis waz
figaumwenenndndursamsihsuuims®
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Development of Medical Laboratory Certification System Raevadee Siritunyanont et al.

[ a

m@uasﬁms

1. danadayauazdanguithvang vesufiamememaunnd fssldlddumasuses wiadalald
AUHUMTMNTLUUAMUMN LLazﬁmﬂﬁﬁ'amsmqmmwm‘fﬁw’mms%’mmm’mmmgm LA, ISO 15189 uaz
finnnaularemsSuTaInNINATIUNIENT NN TUFY

2. Favhanasmuianlgidmamemaunndnssnsnasangy Wunespuiiidamvuasanados
muanasY IS0 15189 danan Usznause dammuasuudms wastamnuaandnms uaiiiilam
NeadsalasnNNAIFIUSING

3. MnarinMIasRdamuuazlssiunanasguiesd jUamsarumsunngduazas sy
TogdavidunuuasafamuuazUsziliuma (Checklist) 80 %8 wazmuuanaminsalszfivdamuue
uaazdaflunmsliezuuu laun msmiliumsmadamuuaasudiule 2 azuuu msmdumsuediula
1 azuuy wazlilaafiumsla o azuuy wasdaUssguuiianumaisslfidmsiidusnnlumsianm
wazWsaN lpAaLiumE

4. avhszuumsasalsziiy fasdsznaunan laun gasalsziiv (auditor) §3Unsnsa
Usziliu (auditee) tnaginsasiadseidiu (audit criteria) 39mM5a919USLAY UALAITIENUNANT
f539UseLiu

gaaUsufiu (auditor) Wugvhmhiiosalsadiu (audit) Arumsausumangasgaa
Usaiiu uagldanuimamdnimms AnsaniieUsziiiunaaumwiasljliins lesgosausafiuithums
ausn wldsumstunssudugonalssiumunasunssnsamsog

{3UmMsnsaalsediu (auditee) nanada vi”mﬂgjﬁ'@msmqmmwm‘fﬁ%’umsmmﬂsuﬁu

WainInsIalsziiu (audit criteria) vianade vasd judnismamsunwng Aifluamsusadiu
EUN M sUsEHUINAUWIDNINNNTBEA: 80 WANLNAUNAAMNUAZUsTLIUNAMNINAITIUE U UANS
WNMTUNNE NTENTNEIDINGY

BMInTINUsziY Iﬂﬂﬁmuﬂiﬁ'ﬁ;jmaaﬂ'izLﬁulﬂmsamﬂﬁzLﬁuiuﬁuﬁﬂf]ﬁ'aq1uwmﬁ'mﬂﬁﬁ'ﬁ
MMM sunng wazlismsasragaumuuuuaafamuuazlsziiuna (Checklist) 80 78 é’qﬁv

4.1 fugasavsziiumely (Internal auditor Team) wingda fingasiaUszdiy an
amznssumsmeluinia Ussnoudie gunulsswenunagud (swe.) Tsswennamly (swn.) uas
Tsanennagamu (swe.) Adninnumssuguionia Wumbslszaunudamiuganadsadiu

4.2 Vugnssiiumeusn (External auditor Team) vangd fingasiauszidy an
AMENIINMIMEUBNTINI0 vameluwagumn Ussnaueme fgunuguainanmansnsuwng (an.) funy
Tsawenunagus (swe.) Tsamennamld (swn.) uazlsawenunagNgy (SW.) ﬁ@uﬂ"iwmmﬂm%mmwwﬁ
WumheUszaanudemiingasialssiu

il muualiiesltamsmsmsunndiasraumsiusesardeiinausuiiuaues nalsudi
aaumuwely (Internal audit) uaswalsziliugumuameusn (External audit) ewaau loglvgasa
UszifiudadensnunamsasavszduliudmbeUszauny densnulussuunesnuaaulafimvue

5. Aeausn/Ussgn/dunn fUjidnuresiasdfjudmsliienyganulaludamvuaszuy
AMMN MNINNITFIUNTENTNAFITUGY FuasuuamMemseiums/anasgu/in et WaEAUUFYUNITINNU
wUULAIBANE

6. damhszuunsnuasulay wWeldiaslfidmsmemsunndiazeaiumsduses Menuws
Usafiuouay srinnumssuguasmiaadiumsnenurelssiivammwmely (Internal audit) waz
auiineneansmsuwngaiiiumsnenuaalssdiugumumeuan (External audit) euaieu
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7. dadammuauszdeulamsiusasszuutimsaumn dasfiamemamsunng nszna
Mssagy Wadininespuianlfidns wazanznssumsiusesszuuuimsammwiasujians
yamsuwng nsensnassagy mssusaasiasUfidmememsuwngfihuinarimsusziiuna Tas
WaslFiamsmemsunnd AfiwamsUsziivsunasimsanalsafivasdasldazuuusiiu viamnnnh
sagay 80 azlasulususas

8. davhmzdsuwipalfuansmensuwng AldFumsiusesnunasIunsEN TN g
Togmwuaansioy Fowpsuamamamsunnd Sania Sufishumsiuses weziuasummuamssuses

9. FahuuusaumuitaysudiunaanuiiswelamsimiiumsiusesiasU fliamsmemsuwng
UWATENEITRUEY INNANATPIUNTENTNINS TG Usznaude daudl 1 doyavioslfiams dwil 2 mauims
dauil 3 msasdszdiu dudl 4 aumwmsudms dauit 5 waiildfunnmavannaamwiesldsumsiuses
dmafigaRasUfiamavashuednls uasduil 6 Falauauuzdug

We

1. Waslfuamsmemsunnddinanssnsnasisugy 9N 934 ue Muuntdudasljidns
MIMsuNnglaanenasanadinnulaansensnassagy (au.) N 876 wiie uaziaaljudns
WNMIUNNTRNANTNINMS NIzNINEOTIUGY (85.) laun nsumMsunng nsuemuaulsn NINgannae
UaZNINBNNY MU 58 Wil NiMsaiiumsszuugamn wazlazumasusasnuanasgiu LA wis ISO

Gl gj v v a wva n’d‘ﬂl ) Yo Q.I
15189 W38 ™ LA uaz ISO 15189 590 500 uvy wazviasufiamsmemsunngngalilasunmssuses
TN 434 WA (NTNN 1)

MM 1 f\hmuﬁmﬂﬁﬁamsmqmmwm‘fﬁﬁmsﬁnLﬁumsssuuqmmw LLazlﬁ'%Ums%’mmmummgm
LA uaz ISO 15189

W JUansmansunngaana voslfi@nmsmmanmsunng 5
NATFIU dd. (W) WNNENINIINMT d5. (W) (W)
SWA. WD, SWE. 5N
ISO 15189 2 2 10 14 1 15
LA 22 55 380 457 21 478
LA & ISO 15189 2 1 4 7 0 7
galilamssuses 7 25 366 398 36 434
I 33 83 760 876 58 934

wasUfiidmsmemsunndiidalailémasusas Wunguihmainsihainfinsanliiimsdiiums
hgmasusasszuuuimgumuiaal judms nasgrunsznsnassagy Duunidunewauimnsgunn
laun we 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 Udz 12 MUY 68, 9, 36, 34, 26, 46, 41, 48, 48, 37, 10 UdZ
31 WY MUY

2. viesufudmanguihvang 434 uvs lasumssuses 227 wie Aalusesas 52.30 2aengw
hwane uasieafliimsnduuenihvane &ldiumssusesszuugummanuanasyuduliud Tddums
SUSHINNINATTIUNTENTNANSSUFAANEN 1 N@53IU T 179 wika Gty el fidmsmamsunng
AlAFUMIFUTDITLUULITNIAUMNANANATTIUNTENTHANTITGY 594 406 WHa (N7 2)
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M3NT 2 NURDIUFUAMIMIMSUNNENla3UMITUTBINNINATTIUNTENTNETI TG

o uanmsmemsunng nanithvang (uwviv) nauuanihvang
_ Ay w : U
NVNG Iasumssusas  NAMs3usee (uiv)
Tsawenague (swe.) 7 5 7 12
Tsawenwiamly (swn.) 25 13 18 31
T,iqwsnmaqmu (wa.) 366 198 148 346
NAANTIZINS NTENTNINFITNGY 36 11 6 17
I 434 227 179 406

3. WafRULUUFBUMNNaYsEl KM ST ITUTBIBIUUAMIMImsunngduazanasagy
MNMNATTIUNTENTNAITUGY NNNBIUHUAMINHIUMITUTDRNATTIUNTENTNENFITUFY TIUIY 406 U
@aunau 216 uie Aatllusazar 53.20 namIeNiTayaiiNoazduadil

3.1 MUMIUINS HanaULUUFaUNNNTGaNIUSMS 5 20 WU vasdfifnsianuienala
= o a a ¢ o < v oA
NNfige (39 M3asadsziiu uasUsziiune loaldlsunsueaulad fanuazain 057 wazldude de

Wuowar 88.15 uasiianuiiawalaipengn 3as mslidaya/msioms Aalluspeas 83.70 (9199 3)

M5 3 WadITIAANNAIWD LaNReamsuSISs

p szauaNNianala dueauy tOLLE
L3EN o o
R MNAsgu (S.D) ANNAanala
1. mslvidaya/msdamnsliesdjudams 4.19 0.63 83.70
5u3 damwue ulewe uazdauly
M35UsBI U HUamsnemsunwng
WaENTIIUGY MNNINTFIY
NIENTNAIDTUGY
2. WUURTIRGIMNLBLUTEEUND 4.31 0.56 86.11

(Checklist) MULNUIINMINTIAIRANY
wazl sl UK AIFIUNMN DU UAMS
gumMsunnduasaransugy Janudaay

vV 1 o k4 v
wazuhladhe sansethluldanunsaw
RN UANS

3. AueauUMsMLHUMSIN K lesuNISUsas 4.26 0.61 85.19
Toaviasufudmsuseiiuauos andiums
Internal audit e External audit

MUANOU LNBLEUBHAN TATIU LA UFAUENTTNMITY
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P o P Aoy a '
GIINN 3 Naa’]i"]f\]ﬂj’]NWQWaiﬂﬂuﬂaﬂjiusﬂji (GIE])

y szauaNNanala drudlsauy Souay
el LQ?]IEI Wasgu (S.D.) ANNNanala
4. MInUTEY wazUsztiung 4.41 0.60 88.15
Togldlusunsuaaulal fianudzain
719637 wazlFnuhe
5. JUnvULaTeNNEIBNNTENlUSUTEY 4.31 0.55 86.11
MININATFIUNTENTNEIFITUGY
I 4.29 0.59 85.85

v a d.d 1 a ' I =< ﬂ'd

3.2 MuUMInTIRUsHin HanaukuuaaumNniidemsaslsudu laswiauduanuiawaland
gamsmiiiunmsUsziiivaammwmely (Internal audit) wazmsamiiiumsUsziiivaumwmeuan (External
audit) wun Wasljuamsienuiewalagamsaniiunmsusziivaumwmely Tnddssiumsandiums

Ussilivaaumwameuan (M99 4)

= ° = = P a
M99 4 KaderNuNnalandisansasiadsediv

y szauaNNianwala drudlsauy Souay
(308 4 "
1208 Wagu (S.D.) ANNNanala
1. Internal audit
1.1 msUszaunuiaumsasasediy 4.19 0.68 83.70
1.2 szaznmnlFlumsesalssdiy 4.23 0.65 84.63
1.3 Ningasiauszdiy 4.31 0.63 86.30
1.4 ms%’aaﬁwmﬁuﬁmwﬂimﬁu 4.23 0.66 84.63
Tuanzasiauszdiv
Ainae 4.24 84.81
2. External audit
2.1 msUszaunutilasumsasalssdiy 4.15 0.70 83.06
2.2 sraznaniildlumsasalsziiv 4.17 0.67 83.43
2.3 NNEATIUTELIY 4.33 0.68 86.57
2.4 mi‘é:ammq“?m@'@lsnﬂs:l,ﬁu 4.25 0.68 85.00
Turazasiadsudiv
Anae 4.23 84.51
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3.3 NUANMWMITUINT KANBULUUTBUINNNABAMMNMIUIMS 5 4B WU vieed{ua

msfianuiieneladeaumwmsuimsnniige e dayavesdfuidmsnunnguuluiuses ianugneas
Aallusaras 89.17 waziianuianalatipeiign (Ges szaznmnisanaaluiuses Aalusaeas 83.70 (911 5)

MINI 5 HaEIANNTINE laNTidaauMWTUINS

y szuaNNNInala GRVATHNITNY Sotaz
1599 4 -
BT a3 (S.D.) aNuianala
1. 9ENURINTNTIAYUIeLNY 4.26 0.64 85.19
External audit #5788z19a0
WATHAAZULUUYNHBY ATUAIY
A vo a a
NN lasumInsalseiivas
Py a va v
2. seaznMivaslfuamslasunnuwa 4.20 0.63 84.07
MInsIaUseLiie External audit
) a wva a0
3. madszmeanavalfuanmsneu 4.38 0.64 87.69
masusaamaulae
ASNANENAFASTAISUNNE
4. SEEzANIBABYIUSUTEN 4.15 0.64 82.96
L4 v a va d'
5. dayavipaUfuamsniusng 4.46 0.57 89.17
uulususas ianugneas
PRty 4.29 0.62 85.81
a 'l
AU

msWanaumwiasfiams TugrEuduresnsuinsmaasmsunng faniuliimahszuy
aamwldandiums Fsmmuesudssinauaszianssnlumsinausuanuimudannuazeszuuammw
waznMsnaNiasljudnslvsanedssmudamvuauasinasgiuang aiumsUssiupassuugumn
wonlfuianslasmatssifiuauas (Self assessment) 3uflunamsvssifiuaamwiaslfians g
lifiszuumsiusesianlfiams nsuinenmansmaunndlamiiumswannamumwinatgsdaiiiag
Uszana 10 T wazluthudszanm 2557 Iddahszuumaduses dia3usesssuuuimsaammwiaa jiams
mamasunnd Safanssnananssngs Iideaadastuddiassdunssnme fiiod 14 Jasazuasianlfiams
MUMIUNNEUAEANTITUFIRAMMWUSINATTIUMIUINS Tasiimsmiliumsssanguiihvang muuald
lunduiasuftiamsidalisumsiusesmuinassule wiadlufissuuanmm iadasdumsdidiums
sruugaumwlusnlfiamamnui wastssauldfuuimsifiaamuondisudulunnaagann

MITaszUUMsTUsas asdudusnaspuieiums denheiusesenadarhiulassiauas
Usemeld w‘%amsﬁémimmﬂ@'Lﬁlmifm(e) Toansainenenansmaunnd 30 (39) MasgIuiaslfuams
NNMSung NITNTNAFITUFY WAz (51) wuuaTIARemMuLarUseiiuna (Checklist) 80 7 ﬁaamé’m

MUNANIFIU ISO 15189 wazanasgiunumatiansunng (LA) Mamsiaiusinga 994 wazsInuaes
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a o Y a va v a wva s v v o w Ao v v a wva
anudainaufuanuluiasdfidnmsmemsunng duiludadedragnmldinasgudeslfidnms
PNMSUNNE wazuuuaIRamuuazlssliukalasumssansu fumilidusininsannassidae Ml
Jldnuhlalahe i lUujialaludessl juamsmnszau nalsswenunaguau (swe.) Tsawenwamly (swn.)
uaz Isawenuagud (swa.) Huaissl juamsuaslssmentnadinansumsunng nsuemuanlse nsngunnie
uaznINWNY INsaaiuMssTUUAMMWMINIINIFIUTELE

m3nTalsziin lesiingesalsadiy wagismsanadsadiunmnualdiinsesnalszsiivaunn
mely (Internal audit) wazmsasalsaiiugumwmeuan (External audit) tvaeniiiumsil3autiiay
WUHUAOUN U JUAMIAUTUNMSAUNINTIIU BRI UANINEAAa s UJUANUNUNIASFIUN
Muua” wazmuuanainsanafematazlsziliunainazaaslaazuuurnu wiaunninsagas 8o
Feazlasulususes emugiiaulaus damuuauaz@aulanissusasssuuuimsamnndaal judnis
PNMIUNNENNTTIUNTENTNAINGY aNma i UfTRNueesianljidnns Walasuransiuasan
NINAINNANFATMIUNNE HUNNMsWaNeauaIngaay e liehunaminsanadamutazdssiiuue
1azazlAsUMIFUTBIMNNINTFIUNTENTNATITUE
msvarszuudayauaransaumd lagdanszsuunenuasulad tvalddeslfudmasmamsunng
Mzraiumssuses iugasadsadiunumunely wasiivganalszsiivaumwmensn Nenunalssiiy
< o I 4 oA 3 A v a wa
aumwlussuunenueaulal muaau itumsldmaluladiasnneanuasmnlumsnenuee MU TGN
Usztiiuawas waziimsuszanananzuuuaanin aamsznu lidans waziingosalsziivaamwmely
& o 4 a o w a a Lo o E
NUNTINgaTIsziiumeauan snsahdayamniinsandsznaumsanatsudiu wennniiguulszlenide
MM ENU N IHUEIE5951015 taLEUDANENIINMITUTEN ANanramsaaUsziiuy wasTimsiuse
wazaINIaEUaNaMInTIUsziurasiasUfuimsilinamnsiauszdiusin 406 uvis tialdmssuses
v = d' o a = 4 v L = lﬂ' a
lomeluthulszainammiiiumsluilusnle daansasnunansuunuudaumuaNuiswe laiaUssiiunans
MLIUMITUTDNBIUH UM TN SUNNEUasaNTNIUGY MININATTIUNTENTNAIDNTUGY NNV HUANS
A [ Id 4 a o Y Un v Yo a S Ao [ o [ [ v v v
rhumssuses Wudayaivh iiselasunnuenudaiunidemsaarnszuumsiusasaanan lagluida
MUMILIMIT HaRDULUUFDUMNNTHAaMIUSMS 5 98 wuh veslfudmsiianuiiawalasnniige (5aq
msaslsziiu wazdszidiume lealdlusunsueaulad fienuazen 1057 warldouhe dellusens:
88.15 39@1ANaNIlaN Msvamszuunenueaulad Wuedeslisdrandualinmsihssuumssuses
MUNATFIUNTNINNFINFY LA TuMSs (Implement) Sussanguiihmingdiunuinaladnsa
HamssusasiasUfiamsnguithminendelilasumssuses 227 uvs Aallusanas 52.30 aengw
Y d‘ o k4 1 o a v \J Y d’ o e gw e d‘ Y
thvmnefimmuald aswunuamsadiumslagainidhvaneinmualunsaudiinssaunsensn fssylin
v a wva ¢ Y v a o PRTREYRPS GRRpN | v
weslfiamsmamsunnddaclasumsanadszdiv uszasasauiusasqamwlunm s U asii U0 1 Sawaz 30
.{Id' v o v-{]a' v o (8) A _ 1 a al v ﬂa wa aleulw o2 o
N2 Joear 70 wazln 3 Jawar 100 waduasNyAaINT luBNUFUAMs IV laLsansEaUM WA AN
NNMI7519UsedU Internal audit waz External audit im'ﬁ'\imslei”%’uma‘%’usmmummgmmsmw
gy Middenljianmslasuenud@eiuanguuins weshlidmihiveslfudmsienudaiy
Tumsvhawinndsdiu uennniisadlulamanazlasumssusssqamwmusnasgududs U
mslasuannaulanniesd FUAMsnmsunnd ngufeumMITuTBssUUANMWMNNINTFIU
auluudr uazldasumsSusaemuINATPIUNTININANIUFUARNEN 1 NATPIU NUIY 179 Wi Taawum
NuvuFauMNiaYsHEiuRaMIaLTINMITUTBIN U HUAM NN TUNNG Uaza 51Ty NNNINITFIY
nssnyNamugy luidansilasunnmavaingaumnuazlasumssusasdnadaaiasljiinsuas
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usdnls wasiide daiauauuzauy Mmlinnuh Fesufidmssiiiumsueusennasgiunszns
Msaguindn 1 nespu wailumsusdhiaslfoamsimslivimsiiaumwldnanumnasgu
NIENTNNHIGY WxANASTNAINFW PIuRMamumsmunasunssnnamsaguiiiumsdiiums
MFwdszanalinn Lifianldhalumsiureiusasmslasumsanasaiivuazrumsiusasazdue iy
wazmaslaunguficau

HARBULUUERUINMUMINTIUsziY wudh Wenlfidnsiianuienwalaneisns wazynsa
Usziiu Internal audit uaz External audit TnatAesny dailusasas 84.81 uaz 84.51 MuaIGU d0AARDN
fulewne wasdiiossdunssnsniidasmslivasufiamslesumsanatsadiu meldmsaiuayuiiauag
Fusns uagldfumssusasssuuudmsqamnu sz lilssnauldusmemaes fildmsiiduiisessu uas
fauaaadernainussila asanuiud sasyamnanssnanmmsag® dashaedaeiacl fiams
memsunndluszauiania waziwe Wineduiusie wazdaalasiudaly

HOABULULFBUMNAUAMMWMIUZMS Wuh Haslfiamsiianudiswelaanniige Fas daya
wanfiidmsiiunnguulususes Samugndas Aalludesas 89.17 wasiianuiianalatiasiige Fae szazim
fisenaslususes dadusesa: 82.96 (asnnasujiamssumsdusesluioudamean 2557
wadhinnaspuieslfianmsasivlususesdnseld wedadsuevluiusedluidoungaimeu 2557
F9onasdasfinsandanuiisravluiusasmelutautszanadilénmsiuses Wisaaumuanudans
Tiaadslususasaasslugsiaal juams

mssahszuumsiusesiumn azdasiitunsumsaiiiunuaie g ldud nesguiasdjsams
PNMIUNNENTENTNAIDNTUGY  wUUATINFAMNUasUseLiiune (Checklist) 80 78 HingnTIUsziULAE
3§nﬁmmﬂsmﬁuﬁﬂsznauﬂ”@ﬂmsmnﬂi:Lﬁuqmmwmﬂiu wazmMsaUszliuquMINMeUBn sTUUY
menusaulay  undemwuauszdeulamsiusasiimmuanasimsanalssfivazdadlaazuuuahiu
viamnnifasa: so Tearldfulususes wasdaitladeddn ldud ulswnensenseanssaguiidanu
wardamstsznduius eliuivdnuiifsdauilanssiu dwalimathssuumsiusesiiaiu
Lﬁalﬁ'ms%’usmssuuu’%miﬂmmwﬁmﬂﬁﬁ'ﬁmi‘vmmiu,wmf muIasIUnsEnaNa g WFUUR
atNlana

u*nasqﬂ

MINBNMITUIBITLUVUTNTAMM NI FUAMINIMSUNNEMNNINATFIUNTENT NI EI TG
< P2 v o Y o a Y o = v o o [ 4'
2un waldamnsaih ldldaiumslanumeludavdssinm 2557 mudmziaszaunsznirnduzes
159 wasiidadennendauazdasmuanvanalszms mswanssuunull Wldnadsigaitenasann
amnsalglanunulvinnau’ wazildiiessuunumssusasmnunasgiunssnsnasisagy Nl

Yo a Y o oo & v S o vy a va Ca @

Teniiumssusasmuinguszananaslilad samaniiaslfidmemenmsunnddinansznsnamssuge
lafiunmemsiarmnszuuqamwisal fUimsneamsunnd asnaspruiesdfiamsmemsunnd nsensn
ANHITNFY WANBUFUDIEBYDIING UWAZEINMAEDN LUMIANTUNMITZUUAMMN wazaduasNiasl JUAns
Tihndwedaheiannaumwuinsmedessljidnsnuiasl judmsfithumssusssmuanasgiu
P v [ o ] [ ] = a v a va o v < '
auldameludanie venegssaune wazdaiiaumumsudmemaiasjuidmsvasssmanduuieealy
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Anenssndszna

daanuaszvinlurnuddnuesmstszanuny ussanusuiied ldFunnahuwesmnmheny
mamelunazmeuannsainanmansmsunnd Swavaunwszanguimansuinmmanimaunng adud
(Weuwndadte 19Aa) wazTaasudnsNInenmansmsunng (WNginsal yaendilsad) faruens
audinenenaasmauwnd Tasnwznanins yauesneledy gornnsmsaudinenaaasmsuwndi 11/1
e AduFarmnawuuenadiemnuueslsafiuee munarimsasaiemuuazlsEiunenassIumn
Wosl JUAMIaumMsunnduazansIsagy nTenI NI fUstauIuLesimaNuEaIgudinemans
maunndaui Dunansunngmssugedmia fusznunuluudasiimianlsame wsfufianu
Tuasfiamsmamauwnd Alvanuhuiiadiiiumsiusasamumwiasl fiamsmamauwnd desalsins
auiiugan wazUssauannansaeed

@NEITDINDY

1. dinnaspuiesdjians nssdnenemansmsunnd. mawanszuuammwias juamstugasaonsugy
yadlsanenadinadinnulaansensnassaugy Taudssans 2550. NFUNN : IAMINMNIEIUAN; 2551.

2. 2938m wlusnel, Yo Taues wazande RaEENatud NesPUNUMeiamsunng 2551 mSuvisel{uams
PRAMTUNNE. PRI T dnaTiansunng; 2552.

3. dnNEIPURIUFUANS nssdnenmansmsunnd. gilaUszsiliuqumurasdjiamsmanmsunnddmsu
TasamsWangaumwiaal §UAns7uga 5151 50g2a3 LN Uadinad NN UUaan 52N TIN5 Mg,
Asunw - Usznay; w4,

4. HULUIMINTAHTUFY DUNNUUIANTENTNANTITUF. Laﬂmimiﬂ'ﬁsquﬁuumLﬁ'aﬁwmisuuﬁmi
qumwaugiine. Jufl 20 numwus 2555; Tsausuiindaunsud. uunys : drinudmamamsangy dninnu
UanNIEnINaNTITUGY; 2555.

5. hiinulensuasensemans n5sNTNMmT0IEY. ENSAEaT G210 ueswnImsiadudayanssnanam g
Yaudssrnn w.a. 2557. wuny3 : inulewauazansmans NssnTNaITNEY; 2557.

6. Riley WJ, Bender K, Lownik E. Public health department accreditation implementation: transforming
public health department performance. Am J Public Health 2012; 120(2): 237-42.

7. Erasmus RT, Zemlin AE. Clinical audit in the laboratory. J Clin Pathol 2009; 62(7):593-17.
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Development of Medical Laboratory
Certification System According
to Ministry of Public Health Standard

Raevadee Siritunyanont Chomchailai Sinthusarn Jurai Chotichanathawewong
and Wasittee Kaewkrajang

Bureau of Laboratory Quality Standards, Department of Medical Sciences, Tiwanond Road, Nonthabori
11000 Thailand.

ABSTACT The Department of Medical Sciences had developed Laboratory Quality System
Certification according to Ministry of Public Health (MOPH) standard which is the policy of the Ministry of
Public Health defined as a KPI in fiscal year 2014 in order to strengthen 434 laboratories that had not yet
neither been certified nor implemented quality system to be certified according to the MOPH standard.
The important steps in implementation of the laboratory certification system are preparation of the medical
laboratory standards including management and technical requirements as well as the checklist for audit
and assessment 80 items, preparation of the audit process, training on the quality system requirements
for all laboratory staff, and preparation of quality manual, requirements and condition of laboratory
certification according to the MOPH standard. Two hundred and twenty seven laboratories of the target
group and 179 laboratories of non target group, totally 406 laboratories of 934 laboratories, had been
certified. The results from the questionnaires to evaluate the satisfaction of the MOPH certification system
showed that the satisfaction in the field of service, audit system, and service quality was 85.85, 84.66 and
85.81 percent respectively. All satisfaction were higher than the predefined criteria at 80.00 percent. Thus,
the implementation of this established certification system conducted for the MOPH laboratories showed

satisfactory achievement and would be extended to the medical laboratories in private sector.

Key words: certification of quality management system, Ministry of Public Health (MOPH)
Standard
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Introduction

Antibody is a glycoprotein that is produced from B-lymphocytes in response to antigen,
of which produced from a single clone of B-lymphocyte called monoclonal antibody (MAD).
MAbs have been widely used in biomedicine especially for development of diagnostics and therapeutic
agents."”” Hybridoma technique, a method for development of hybridoma that produced MAb,
was developed by Kohler and Milstein in 1975 by fusion of splenocytes which consist of various cell
populations of lymphocytes including B lymphocytes from spleen of immunized mouse with immortal
cancer cells.”* The obtained hybridoma had both properties from mother cells: B lymphocytes
and myeloma cells that could secrete antibodies and perform continuous growth, respectively.”
The production of MAb from hybridoma cells can be performed by injection of hybridoma into
the abdomen of a mouse called the ascites method, or culturing in flask or bioreactor as in vitro
methods.”” But concerning animal welfare, many countries in Europe and United States of
America have banned or have laws and guidelines for limiting the ascites method of MAb
production. Cultivation of hybridoma cells in flask or bioreactor was expensive and time-consuming.”
Furthermore both methods were limited to no long term monoclonal antibody production because
hybridoma cells were not stable.”’

The recombinant DNA technology can be used to produce antibodies as recombinant
monoclonal antibody especially in mammalian cells, by isolation of immunoglobulin gene from various
sources of cells and cloning into expression vectors to express proteins in culture cells.® '
In previous study we have developed a recombinant plasmid containing immunoglobulin gene
encoding monoclonal antibody against lactate dehydrogenase enzymes of Plasmodium falciparum
(pLDH) for using in malarial diagnosis. In order to produce the recombinant monoclonal antibody
by transient expression in mammalian cells, the optimal condition for protein expression should
be determined. Therefore, this study was aimed to optimize primarily the transfection reagent
used for transfection of the recombinant plasmid for expression of the MAb against pLDH in 293F
cells modified from human embryonic kidney (HEK) 293 cell line that has been widely used for
transient protein expression.”*'” The obtained conditions was expected to use for production of
recombinant monoclonal antibody against pLDH for further study in various malaria research
and the experiments will be applied for optimization of expression of various proteins in

mammalian cells.

Materials and Methods

1. Plasmids

1.1 pcDNA-pLDHAbHCYLCK/C10

The plasmid pcDNA-pLDHAbHCYLCK/C10 containing immunoglobulin heavy chain
and light chain gene encoding monoclonal antibody against lactate dehydrogenase enzymes from

Plasmodium falciparum (Medical Biotechnology Center, Medical Life Sciences Institute,
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Department of Medical Sciences) was previously prepared, briefly, the variable region of heavy
chain (V};) and light chain (V| ) genes from scFv clone10 producing single chain variable fragment
(scFv) antibody against pLDH were assembled together with mouse CY and CK for expression of
recombinant monoclonal antibody against pLDH by blunt end cloning using restriction enzymes

Hpal for V; and Afel for V|, and then cloned into pcDNA3.4 containing CY and CK, respectively.

1.2 pEGFP-N1
pEGFP-N1 (Clonetech) encodes green fluorescence protein (GFP) with bright fluorescence

and high expression in mammalian cells."*'"'¥

2. Recombinant plasmodium lactate dehydrogenase enzymes antigen (pLDH)

The plasmid pET:LDH was previously prepared, briefly, the pLDH gene encoding
for pLDH antigen of P. falciparum was amplified by PCR using specific primers to create restriction
sites of EcoRI and Sall, at upsteam and downstream of the PCR product. After gel purification the
PCR product was digested with EcoRI and Sall restriction enzymes and ligated with expression
vector pET-21a (Novagen ) which digested with the same restriction enzymes. The obtained recombinant
plasmid was named pET : LDH.

Recombinant pLDH protein was prepared as previously described, briefly, the recombinant
E. coli BL21(DE3) containing recombinant plasmids pET: pLDH were cultured in 100 ml LB medium
and induced with 0.1 mM Isopropyl thiogalactoside (IPTG). Then cell pellets were harvested by
centrifugation and sonicated in lysis buffer (50 mM NaH_PO,, 300 mM NaCl and 2.5 mM Immidazole,
pH 8.0). After centrifugation the soluble protein pLDH in supernatant was purified using Ni-NTA resin
(QIAGEN) according to manufacturer’s protocol. The obtained purified protein was analyzed by
SDS-PAGE and Western blotting and stored at —20°C in 50% glycerol.

3. Cell and cell culture media

The FreestyleTM 293F cells (Invitrogen™, Life Technologies) were propagated in
disposable polycarbonate erlenmeyer flask with Freestyle™ 293 expression medium (Invitrogen™,
Life Technologies). The viable cells were determined by Trypan blue exclusion method."”
The cells were continuously cultured until the density of 1 x 10° viable cells/ml was reached, then
the cells were subcultured to density of 1-2 X 10° viable cells/ml in 15 ml of fresh medium by

incubating at 37°C and 8% CO,with orbital shaking at 140 rpm.

4. Parasites

The parasites, Plasmodium falciparum strain Kiwere maintained by culture in erythrocyte
(blood group O) at 1% hematocrit in 10 ml RPMI1640 medium with 25 mM HEPES, 2 mg/ml glucose,
5% sodium bicarbonate and 10% human serum (blood group AB). The culture was incubated
in a humidified incubator at 37°C with gas controlled environment of 5% CO,, 5% O, and 90% N,

which was fed according to the established procedure.®”
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5. Optimization of pEGFP-N1: Transfection reagent ratio in 293 F cells

The 293F cells were cultured in 12 well plate at density of 1 x 10° cells/ml in 0.8 ml
Freestyle™ 293 expression medium for 24 hours before transfection. Prior to transfection, the reagents
were prepared as followings; 2 ug of pEGFP-N1 was diluted in Opti Pro SFM (Gibco, Life Technologies)
to the total volume of 16 pl in 1.5 ml centrifuge tube for 6 tubes, and transfection reagent
(Gen Carrier-1™, Epoch Life Science) was diluted individually in Opti Pro SFM at 1.2, 1.6, 2.0, 2.4, 2.8
and 3.2 ul to the total volume of 16 pl, respectively. After mixing both reagents together and incubating
at room temperature for 20 minutes, the DNA-Transfection reagent complexes were added directly to
each well, mixed gently and continued culturing with rotating at 140 rpm, 37°C and 8% CO , for 24 hours.
The cell morphology and expression of GFP protein in each condition was observed under

an inverted fluorescence microscope (EclipseTi-S, Nikon) at 24 hours post transfection.

6. Transfection of pcDNA-pLDHAbHCYLCK/C10 into 293 F cells

293F cells were seeded into 30 ml of Freestyle™ 293 Expression medium with density of
6 x10°- 7 x10° cells/ml in 125 ml conical cell culture flask (Corning®, Sigma-Aldrich). The culture
was incubated in a humidified incubator at 37°C and 8% CO , with orbital shaking at 140 rpm for
24 hours before transfection. On the day of transfection, the cells were counted to maintain
the density of 1 x 10° cells/ml. To perform transfection using the obtained optimal condition
of the plasmid DNA: Transfection reagent in 30 ml cell culture, 75 ug of recombinant plasmid
pcDNA-pLDHAbHCYLCK/C10 and 90 pl transfection reagent were each diluted in Opti Pro™ SFM to
a total volume of 0.6 ml. Both reagents were mixed and incubated for 20 minutes at room temperature.
1.2 ml DNA-Transfection reagent complexes was added to the prepared cells dropwise and gently
mixed the plate. Transfected cell culture was incubated at 37°C and 8% CO, with orbital shaking
at 140 rpm for 7 days, using untransfected condition as negative control. The supernatant of
transfected cell culture was collected daily at day 1-7 post transfection for ELISA assay. After

that the culture supernatant were harvested for purification of recombinant monoclonal antibody.

7. Enzyme linked immunosorbent assay (ELISA)

Four hundred microliter of culture supernatant of day 1, 2, 3, 4, 5,6 and 7 were collected
from transfected cell culture and carried out to determine specific reactivity with recombinant
pLDH protein by ELISA. Each 96 well plate was coated with 100 pl of carbonate bicarbonate buffer
pH 9.6 containing 1 ug of recombinant pLDH protein at 4’ C overnight. Then the plate was washed
3 times with 300 ul PBS and blocked with blocking buffer (PBS buffer containing 8% skim milk
powder (Difco™, Becto Dickinson and Company) for 1 hour at room temperature. After washing, 100
ul of each sample was added to each well and incubated at room temperature for 1 hour. The plate
was washed with PBST (PBS containing 0.05% Tween 20) for 3 times following with PBS 1 time
then incubated with 100 ul of Rabbit anti-mouse immunoglobulins-HRP (Dako Cytomation) at
dilution 1:2,000 for 1 hour. After washing with Phosphate Buffered Saline Tween-20 (PBST) for
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4 times and 1 time with Phosphate Buffered Saline (PBS), 100 ul of TMB substrate solution (KPL,
USA) was added to each well and incubated at room temperature for 30 minutes. After that 100 ul
of 1 M HCL was added to stop the reaction and the plate was measured absorbance at 450 nm with

reference absorbance at 630 nm.

8. Purification of recombinant protein

The recombinant monoclonal antibody was purified from the culture supernatant by
Affinity chromatography using Protein A Sepharose™™ Fast Flow(GE Healthcare Life sciences).
The column was packed with 500 pl of Protein A Sepharose™ Fast Flow and equilibrated with
10 ml binding buffer (20 mM NaHPO, pH 7.0), then the culture supernatant containing recombinant
antibody was applied through the column and washed the column with 10 ml of binding buffer.
After that the bounded recombinant monoclonal antibody was eluted from the column by adding
1 ml of elution buffer (0.1 M Sodium citrate pH 3.0) following immediately with the addition of 100 ul
neutralizing buffer(1M Tris-Cl pH 9.0). The purified recombinant monoclonal antibody was
concentrated and changed the buffer to PBS pH 7.2 using an ultra-centrifugation filter of 10 kDa
(Amicon, Merck Millipore). The purified protein was analyzed to determine the concentration using
Nanodrop® spectrophotometer (ND-1000, Nano Drop Technologies, Inc.) and analyzed by
SDS-PAGE and Western blotting against Rabbit anti-mouse IgG-HRP (Dako Cytomation),
and then stored at -20°C until used.

9. Immunofluorescence assay (IFA)

Indirect immunofluorescence staining was carried out using purified recombinant
monoclonal antibody against pLDH and mouse monoclonal antibody against pLDH (Arista
BiologicalsIne, USA) as positive control. P. falciparum infected red blood cells from the cultures
were harvested at 5% parasitemia, then the cells were smeared on microslide and fixed with cold
40% methanol in acetone at -80°C for 1 hour. Then 10 ul of 1mg/ml anti-pLDH mouse monoclonal
antibody at dilution 1:100 or 1 mg/ml purified recombinant monoclonal antibody at the same
dilution was added to the cells and incubated at room temperature for 45 minutes. The slide was
washed 3 times with PBS and air dried. Ten microliter of Rabbit anti-mouse IgG (H + L) - FITC
(Southern Biotech) at dilution 1:200 was added and the slide was incubated at room temperature
for 30 minutes. The slide was then washed 3 times with PBS and air dried. After mounting with
10% glycerol in PBS and covering with a cover slip, the slide was observed under fluorescence

microscope (EclipseNi, Nikon).

Results

1. Production of recombinant pLDH protein for ELISA
The recombinant plasmid pET: pLDH containing ORF of pLDH that was cloned inframe

with 6 histidine residues (6 x His) was used for expression of pLDH-His fusion protein in E. coli BL:21.

NININININENAAATANITUNT
U 58 atun 4 aanAw - SUNAN 2559 T



Transfection Optimization for Expression of the Recombinant Monoclonal Antibody

Panadda Dhepakson et al.

The obtained purified recombinant pLDH protein was shown the molecular weight of 33kDa as
analyzed by SDS-PAGE and Western blotting in (Figure 1).

kba 1 M 2 3 4
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Figure 1 SDS-PAGE and Western blotting of purified recombinant pLDH protein
A: The affinity chromatography purified recombinant pLDH protein was analyzed by

SDS-PAGE

B: Western blotting using anti-His monoclonal antibody

In A and B, lane 1 is purified recombinant pLDH protein and M is protein marker
(Prestained SDS- PAGE standards Low Range, Bio-Rad) while lane 2-4 in A are bovine

serum albumin standard at 20, 10 and 5 mg/ml, respectively.

2. Optimization of pEGFP-N1: Transfection reagent ratio for transfection into 293 F cells

To determine the optimal condition of the plasmid DNA to Transfection reagent ratio for

transfection into 293F cells, various conditions of transfection were performed as shown in

(Figure 2A) under inverted fluorescence microscope. The transfected cells in all conditions had

normal morphology compared to non-transfected cells. The expression of GFP in transfected cells

was observed under the same microscope and the fluorescence density was estimated by eye.

As shown in (Figure 2B) the highest fluorescence density was visually detected at pPEGFP-N1.

Transfection reagentratio of 1ug: 1.2 pl. Noteworthy, the expression was not increased even the

transfection reagent was increased up to 3.2ul as shown that the fluorescence density

was not increased when using conditions of pEGFP-N1: Transfection reagent ratio 1 pg:1.4 pl.

and 1pg:1.6 pl.
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No transfection 1pg:0.6 pg 1ug:0.8 Ug 1pg:1.0 ug 1pg:1.2 ug 1pg:1.4 ug 1pg:l.6 ug

Figure 2 Optimization of pEGFP-N1: Transfection reagent ratio for transfection into 293F cells
Various ratios of pPEGFP-N1: Transfection reagent for transfection into 293F cells were determined.
Cell morphology was observed under inverted fluorescence microscope at x20 magnification (A) and
GFP expression was observed under the same microscope (B).

3. Determination of recombinant protein expression by ELISA

The reactivity of recombinant protein expressed by transfection of pcDNA-pLDHAbHCYLCK/
C10into 293F cells ELISA was performed to determine the expression level of recombinant monoclonal
antibody against pLDH in the supernatant of transfected cell cultures from day1-7 post transfection.
The results showed that the expression of the recombinant monoclonal antibody was increased rapidly

from day 0-4 and not increased more afterwards until day 7 of the study as shown in (Figure 3).

2.5 =

(0OD.450 nm)

]
./
/

Do D1 D2 D3 D4 Ds Des D7

Recombinant monoclonal antibody

Day of collection

Figure 3 Determination of recombinant monoclonal antibody against P. falciparum LDH
expression by ELISA

The supernatant of 293F transfected cell cultures transfected with pcDNA-pLDHAbHCYLCK/
C10: Transfection reagent ratio at 1 pg: 1.2 pl from day 1-7 post transfection were collected and
determined the expressed recombinant monoclonal antibody against P. falciparum LDH by ELISA

at absorbance 450 nm using culture medium before transfection (D0) as negative control.
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4. Analysis of purified recombinant protein by SDS PAGE and Western-blot

The recombinant plasmid pcDNA-pLDHAbHCYLCK/C10 containing immunoglobulin
heavy chain and light chain genes encoding monoclonal antibody against pLDH was transfected into
293F cells to produce recombinant monoclonal antibody by using the obtained optimal condition.
After 7 days of transfection the culture supernatant was collected and purified by Affiniy
Chromatography. The obtained purified protein was analyzed by SDS-PAGE and Western blotting
using mouse monoclonal antibody against pLDH as positive control. As shown in (Figure 4A)
the recombinant monoclonal antibody and positive control had the same patterns with two major
bands of 25 kDa for light chain and 50 kDa for heavy chain, respectively. The result of Western
blotting in (Figure 4B) showed that the recombinant monoclonal antibody had specific reactivity

to Rabbit anti- mouse IgG as same as the positive control.
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Figure 4 SDS-PAGE and Western blotting of purified recombinant protein against P. falciparum
LDH

The purified recombinant protein was analyzed by SDS-PAGE (A) and by Western-blot
(B). Lane 1 is mouse monoclonal antibody against pLDH (positive control), lane 2 is purified
recombinant monoclonal antibody against pLDH, which M is protein marker (PageRuler'" prestained
protein ladder, Thermo Scientific).

5. Determination of specific reactivity of recombinant protein by IFA

To determine recombinant protein antigen in P. falciparum infected cells, the IFA was
performed while the mouse monoclonal antibody against pLDH was used as positive control.
As shown in (Figure 5) when the infected cells were stained with purified recombinant monoclonal
antibody against pLDH produced, the specific immunofluorescence was observed under fluorescence
microscope (D) that had the same pattern as of that stained with positive control (B). Whereas,
there was no specific signal observed in non-infected cells that were stained with positive control (A)

and recombinant monoclonal antibody against pLDH (C), respectively.
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Figure 5 Determination of specific reactivity of recombinant monoclonal antibody produced against
P. falciparum LDH to P. falciparum infected red blood cells by IFA
Non infected and P. falciparum infected red blood cells were stained with mouse monoclonal

antibody against pLDH (positive control) in A and B and stained with purified recombinant monoclonal
antibody produced against pLDH in C and D, respectively. Specific immunofluorescene was observed
under fluorescence microscope at 100x magnification.

A: Non infected red blood cells stained with mouse monoclonal antibody against pLDH

B: P.falciparum infected red blood cells stained with mouse monoclonal antibody against
pLDH (positive control)

C: Non infected red blood cell stained with purified recombinant monoclonal antibody
against P. falciparum LDH

D: P.falciparum infected red blood cells stained with purified recombinant monoclonal
antibody against P. falciparum LDH

Discussion

In this study the plasmid pcDNA-pLDHAbHCYLCK/C10 containing immunoglobulin
heavy chain and light chain genes was used for expression of recombinant monoclonal antibody
against Plasmodium falciparum LDH (pLDH). The optimal protein expression was developed
by optimizing transfection condition using pEGFP-N1 containing reporter gene expressed GFP
protein of which fluorescence signal in living cells can be visually detected and had been reported
as the advantage of this protein by Chalfie et al.*"

The results showed that with various conditions of different volumes of the transfection

reagent studied (1.2-3.2 ul/0.8 x 10° 293F cells) the morphology of cells was normal as compared

to non-transfected cells at 24 hours post transfection. Khodthong et al also studied in Hela cells and
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found that toxicity of transfection reagent to the cells could be detected at 24 hours post transfection,
whereas at 8 hours post transfection morphology of cells was normal.®” These suggested that
there was no toxicity to the cells due to these volumes.

In this study the obtained optimal condition for transfection into 293F cells was the ratio
of pEGFP-N1 to Transfection reagent at 1 ug:1.2 ul, whichwas used to scale up for expressing
recombinant monoclonal antibody against pLDH using pcDNA-pLDHAbHCYLCK/C10 in 293F
cells and the optimal time was determined during day 1-7 post transfection. The recombinant
monoclonal antibody in supernatant of transfected cell cultures from day 1-7 were determined for
their specific reactivity to pLDH by ELISA. The recombinant monoclonal antibody could be detected
from day 1 and increased rapidly to day 4 which showed the same pattern of recombinant monoclonal
antibodies expression in HEK 293E cells using standard protocol transfection.”” From day 5,
the level of recombinant monoclonal antibody was not increased, it is assumed that plasmids
were too diluted due to environmental factors and cell division that leaded to decrease of
expression.®”

As the purified monoclonal antibody was analyzed by SDS-PAGE and Western blotting
which the results revealed the specific light chain and heavy chain approximately at 25 and 50 kDa®”,
respectively, the molecular weight of light chain of recombinant monoclonal antibody was found
slightly higher than those of mouse monoclonal antibody against pLDH, it might due to difference
of amino acid sequence of both monoclonal antibodies. Furthermore, the recombinant monoclonal
antibody could react specifically with pLDH antigen in P. falciparum infected cells by IFA suggested
that it could detect pLDH antigen in native form. From the study, the recombinant monoclonal

antibody against pLDH produced by the optimal condition developed, had potential to use further

in development for P. falciparum malarial diagnosis.

Conclusion

In this study we obtained the optimal condition of the ratio of pcDNA-pLDHAbHCYLCK/C10
to transfection reagent as 1 pg:1.2 pl for transfection into 293F cells to express monoclonal antibody
against Plasmodium falciparum lactate dedyhrogenase and the highest amount was obtained by
day 4 post transfection. The affinity chromatography purified recombinant monoclonal antibodyhad

specific reactivity with pLDH antigen in P. falciparum infected cells by IFA.
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Transfection Optimization for Expression
of the Recombinant Monoclonal Antibody
against Plasmodium falciparum Lactate

Dehydrogenase in Mammalian Cells

Panadda Dhepakson Apichai Prachasuphap Duangrat Jullaksorn

Anicha Luengchaichaweng Sakulrat Soonthornchattrawat and Porntip Chaiya
Medical Life Sciences Institute, Department of Medical Sciences. Tiwanond Road, Nonthaburi 11000
Thailand.

ABSTRACT Recombinant plasmid pcDNA-pLDHAbHCYLCK/C10 containing immunoglobulin
gene encoding monoclonal antibody against lactate dehydrogenase enzyme of Plasmodium falciparum
(pLDH) has been developed in our previous study. This study was aimed to optimize the condition of
transfection reagent for expression of the recombinant monoclonal antibody against pLDH in 293F cells.
By optimizing transfection condition for a commercial pEGFP-N1 plasmid to transfection reagent, the
optimal ratiowas at 1 ug:1.2 ul in 293F cells. By this ratio, the plasmid pcDNA-pLDHAbHCYLCK/C10 was
also transfected into 293F cells to express the recombinant monoclonal antibody and maximal level was
found in culture supernatant at day 4 as determined by ELISA. The recombinant monoclonal antibody
protein pattern was similar to that of the mouse monoclonal antibody against pLDH as analyzed by
SDS-PAGE and Western blotting. Furthermore, this monoclonal antibody could react specifically to pLDH
antigen in P. falciparum infected cells by IFA. Thus, the recombinant monoclonal antibody had potential

in development for P. faciparum malarial diagnosis.

Key words: Recombinant Plasmodium falciparun monoclonal antibody, 293F cells, transfection,

Plasmodium falciparum lactate dehydrogenase
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apa@ ifeAnenmansh Gloriosa superba Linn. agflunad Liliaceae fiodu wiu fan) (Foum)
ANINUTBIINUININY (FaY3) andenumuy (Manan) Wusm (uasnzdin) wznlds (mewila)
wuasfie (gasmil) WulsiFugnidasmeiudulaiay enldds s wes duduiviambenadnedldau
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e 5-15 wudmes 13 dasluwvandasmeanhwhiuiiame Tauluay dulusnuduluduged
Umelu nasly waziaslueu vevludeu eenbienunalng seniimenlu lndumein dvdes Umeniu
Fuas Taundudaunulua q fdwdes Wensnunudaiazudsuiuduns weeniindu 6 nau FFmsau
wozazlasuiudideuazues ndugluou Bmen 5-7.5 wudwes Taanaulumeduaen apunduwdn
undu inasmerd 6 su Heanusadiouunuau Muem 3-5 wudes susgenUszn 1 wuiwes
MunEsWALiae 0.3-0.7 wudns wendy 3 uan MuasnemUssnn 5 wudues maduiln uwisuan
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nandduunmhmaiiuinn wumuthasduieniy dsnenadaiifenududug® (mwii 1)
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d' | CY < Vv =3
AMNN 1 FIUTDNWINIDLHN SL'LI AN LLASHIYDIADNON

asednnulalunasielsznaudas 1, 2-ladwsalaaddu (1, 2-didemethylcolchicines)
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unuily (Tannins) nsawwuledn (Benzoic acid) nsawmaleda (Salicylic acid) dwasaa (Sterols)®
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¢au3au 31 ULE600 289U38N Memmert

WYWIN 34 LG 2/ER 289u38 Isopad™

i 3u C-MAG HS10 283380 IKA
aiw%muquqmwgﬁ U W 350T 289U38N Memmert
Eiwlfwmm'ﬁqu 3U Transonic #84U38n ELMA

wHULAILAERUTAMLAa (Silica Gel 60 F,_,) 2110 20 X 20 HadtN®S ANNKU 0.25 NadNeT

254

29U HN Merck

ganaiauaedans lilatan 299u38N Camag

S13AIFIUUALAIILAN
1) sseidusienlddnsumsiwsed (analytical grade)
2) @sazag 5% Niaaulunsamuzou

35mM3
1. MsaaananvaimueiimamaiialasaininasWuiiniiiure (Thin layer chromatography)
1.1 NMSLEIINEIIATAIYEIDEN
ihranulnsmessdauia 5 03 WWuamuaadndusagar 95 Sudu 20 Taddas analu
swhanuigauiiune 10 i danwddunm s0 Wil wesnsashunszasnsas (Whatman No.4)
ihansazanaiinsasld 10 finddns lﬂizmﬂuudwﬁwmuquqmwgﬁwuﬁh ATMLNAUILLBNMUDA 1 HAANT
1.2 MIAIBNEIIATAIININIFIU
ileaddu 10 Ha8nTN dzaBAILLDNUDD 10 NAHINT
1.3 msm‘%amfmmﬂn (developing solvent)
%ﬁ(ﬂﬁ 1 WdN benzene: ethyl-acetate: diethylamine: methanol 851831 50:40:10:8
g shansazmaanldludahlasanTnan@l udial3Waudachaias 1 dalwe dewld
¥iaf 2 waw ethyl-acetate: methanol: ammonium solution 8031d2U 85:10:5
Thghiu thansezanzanldlugahlasninonil usfiel3lwdusathaiss 1 Hlu newldnu
1.4 38M9
IhsazangasnaIg kAT sazmeiat nflsnadavziioas 3 waz 5 lulasaas muaeu
WUANUULHUNIzANIAAaUMEEaNIRa (Silica Gel 60 F,.,) luwwmnszaudenny laglivinainuaua
Uszana 2.5 wudwes warlifissasvessuiemsasaaudasgalaitaent 1.0 wudimes deliuiahluds
TudsihlassnTnnniliihauenislingamgives saliheuanuiulumuings 12 wudwas sy
TasinTnunsuaiiafuneannngs aeneiliwislugaaaiu usnhluasasey
1.5 MIOIAIFIY
1) asnadasmeldusdannhlawaiianuenaay 254 nluwes dunamuniauezdue

LOUFISTNNULLES

N5ASNTHANNAFASMTUNNE
U 58 atun 4 aanAw - SUNAN 2559




Quality study of Dried Dong-Dueng Tuber Tassanee Panphadung et al.

2) asnadeemelauaeannhlaennanuenindu 366 NTUWNAT FUNAAURLNLELTYD
LOUE TN NLEN
3) asndaulesnumeasazas 5% Nilasulunsamuzou nalilvwi Tranuseuvuwen nih

Mgl 105 avmwalded wiu 1 Wi dunemuniuazdueuaussmelaussssuma

2. MsAnAMFNTIANILARLAZNIEAIN
2.1 AamamSanmanaiy
audafimuualiludnunespunayulnslng® Tasfnaiheasdainnuhwinuiuay
5 n3u aslumadsiinnuhwiinesii (aumausiiaamafi 105 aseizaiBes v 3 $lus Aelidu Suiinh
wiin) shluaufigamadi 105 aseniaaides wu 5 Falus Aelidu shludahuin dufinenhwiniild ey
thanassfigunndl 105 asenwadad 1y 1 51l Alidu shlugahuin Ghwindldnnmsgahuin 2 a%e
fiendnefulaitiu 12.5 Taany) tufinehmingle munamnedesazuaslSinuenuay
2.2 MIMIUTMUITIN
anuismanissyliludmainaspumayuluslne® Tosfnaoasdsiinnuiminuiuey
2 n$u avludensuiasiinnuhminesdl (enmuusiigamai 450 asinwaides wu s Fala Al duiin
whwitin) hluinfigamad 450 asrnusaidad 1 8 #lus Ididiiumnannden dlidu ihludnhwin duiin
anhmiindla dnamnedesassaniinandnu
2.3 mamBinaniiiliazanalunsa
aaAsmsiiszylilusamnespumayulwslne® Tashidsnludensadonn@unsanie
@B (10% w/v) 25 Haaans wasihluanuuen Wi 5 i L'%'u%'funa’nﬁaLtﬁ"ﬂuﬁ'saﬂizl,ﬁméummu
59BNz ENTaInTiUTIAINEY (Whatman No. 41) anaznausieinioy authanaznaunlasy
annsadlunan ihidiinsaslduaznssanunsasldasludenssdasludy mldukuen i wasihly
unluwensngampiigiiigamnii 500 aseigaides delwidu ihludahwin dufinenhwindld dunom
M3psazuaslinaditliazaelunso
2.4 navlSnamsataaie
oafsmafissyllushninespusnayulnslne® Taaninwsiaasi 5 nfu insnuhmin
Wivaudathnandseaaalswadu $110u 100 185805 lumeauiifehile (glass-stopper conical flask)
weheeiadaueh 6 3alus uazeaialian 18 $lus udinsasdanszasnsas Mnthasasmeiingadld
U3nas 20 fiaddns ldadly evaporating dish finsuthwinasil (aumpusiigumgd 105 asenalded
w3 ke el dufiniuiin) wdnhlssmeuusissslathauuia 1 dish Tuaufigumadi 105 asen
wauded i 5 3l AeliiEu i ldahmin dufinenhmindld ihluaunanaafigamd 105 asenuaidea
W 1 s felidiu ihluFahwin Ghwinilgnnmstainwin 2 asa fendeiulsiiy 2.5 faanda)
Tufinenhmindlla snaeasaseasSnamaanadehils
2.5 MIMUSaNaaTanamaanIuas
ynenadsiissylludnunaspuanayulwsing udwdsulddvhasmeduemusadudy
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1. Msdanwanansaimaeiisramaiinlasannasiafinfiiung

msaadaudsiny Aslradaulagislasuninanisiefiivn danseasanuleslvnaiivues
dadeamelduasdannhlaeaenueneay 254 nluwes Tiuadewasdmaailoihludasmeldus
Sannhlawaenuemaay 366 luwas walduaudindes Wanusdomsazas 5% Niadulunsamuzdy
wdnhlulanusau (mwd 3)

M3ATINABUANIHRALEMUBAYBINBIRIN 15 18 Tunhenuansfind 1 benzene: ethyl-acetate:
diethylamine: methanol ludaaau 50:40:10:8 wuh uaauaUIBINSTTIUMaRENfY 11 wou T hR,
Tuz19 16-20, 23-25, 30-35, 48-50, 5155, 60-61, 65-67, 81-83, 86-89, 93-95 UAT 96-98 L alfiBuy
asehaey Aa leaddu den hR, ludw 51-55 (m5197 1) ToelWmaiuuas Wadesmeldusssansllawan
anugmeay 254 wluwes Wnadewssdmdsuinhludasmeldussannblomaamueneiy 366
wluwes waliuavdivdas donudessazars 5% Niadulunsamuzdy udnhluldanudou (mui 3)

= iy

Il

NN 3 1A nunsNYaNEIsanaNINeIaIura lagldireuan sHaN 1 dIUNENYDY benzene:

ethyl-acetate: diethylamine: methanol Tudas1dI 50:40:10: 8

1 = §RENKIINBIANLIIINgLeY PMCo1 (authentic)

2 = MBENENTNABIANLNINELEY PMCo2 (authentic)

3 = MedNENTIRBNcNLIaNgeY PMCos (authentic)

4 = MBENKIHIARNAIBINEeY PMCo4

5 = MBENEIWIABIANULNINELeY PMCo5

6 = snesguleaddu

7 = MBENENTIABIANULININELeY PMCo6

8 = MBENENTIABIANLEIINELeY PMCo7

I = amseumsldusssanslawe fenueneay 254 Nluues
I = emseumslduassansllawe fenueeay 366 WLNAS

111 M51FDUMENNNY 5% NHadulunsamMuzouuazliaNusau 105 asdwsadad
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311 1 M hR, assnsanannmnedewis Iagldinenuen oiiah 1 dauwanwas benzene: ethyl-acetate:
diethylamine: methanol Tusasdiu 50:40:10:8

, MINTIATBU
A0 @ hR; "
! waeaans lawaa waadans lawan eNWu
254 WNIULNAST 366 WLULNAT 5% Niadulunsamuzou

1 16 - 20 - - BUW
2 23 - 25 Aues - NERN
3 30 - 33 - - AN

4 48 - 50 Aues wh NN
5* 51 - 55 AuLeN N ERN VERN
6 60 - 61 - h BN
7 65 -67 - - L

8 81 - 83 Aues - @en
9 86 - 89 - el BUW
10 93 - 95 - - AN
11 96 - 98 Auuas wh NN

*Colchicine

Warhasatanasdalutemuaalunagauluinetuen %fiaf 2 ethyl-acetate: methanol:
ammonium solution SAEIU 8510 : 5 LFAILOUYBIENSNEIUWINLETEINY 16 woy T hR, Tug 6-8,
9-10, 11-12, 18-20, 21-23, 25-28, 30-35, 36-38, 45-50, 60-65, 70-75, 79-82, 83-85, 90-92, 93-94
war 95-96 laieuiumsadw fe Teaddu fem hR, Tuza9 45-50 (M5 2) Fadumiagananasling
fuuas dladeamelduasdannhlawaenueneay 254 wluwes diethludemeldussdannllownn
ANNENIAAY 366 LIUKNAT 18g1a PMCo1 (Authentic) aztfiumsiiasusadihiinias dudage PMCoz
waz PMCo3 (Authentic) Trinadsauasdhianu uazidlanudemsazars 5% Nilaaulunsamuzdu ud

o P
i lUldanusauazlivaudwass (mwh 4)

l i i

i 4 TasainTnunsurasasananninesieuwie laguienuan siiah 2 drunduzatethyl-acetate:

methanol: ammonium solution d®51§M 85:10: 5
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II
III

MBENMNTINBNAIULAINgLEY PMCo1 (authentic)
AIDENNENTNINBINLITININELEY PMCo2 (authentic)
AIDENENTNINBINLIININELEY PMCo3 (authentic)
BN BRI INgLeY PMCo4

Ma NI BNALiIINgweY PMCos

Asunasguleaddu

Mp NI BNALIINae PMCoe
MaNENTIABNANLIINgLeY PMCo7
agaumelduasdannlawee fenuenaay 254 wluwes
asndaumeldussdannblawe fenueneay 366 Wluwas
adaudstheniy 5% Nisaulunsamusduuazlianudou 105 asrwaided

NN 2 udeeA hR, 23ansanannmnesiauialesinguan #ioh 2 dIunanad ethyl-acetate:

methanol; ammonium solution 951831 85:10: 5

: MIATIFDU
p[g A hR; "
weaans hlatan weaans I hlatan UIENNY
254 WNTULNAT 366 W LULNAT 5% NilaaulunsamMuLou
1 6 -8 - - BUY
p) 8 - 10 AULES - btoK)
3 10 - 12 - - BUY
4 18 - 20 - - 8
Yy
5 21 - 23 - h BN
6 25 - 28 AULES - N
7 30 - 35 RIS - VRN
Yy
8 36 - 38 - W -
= Yy =~
9* 45 - 50 RIS 7 VRN
10 60 - 65 TIGR! - N
11 70 - 75 NULES - h
12 79 - 82 PULES - Lalen
13 83 - 85 Nuua - B
14 90 - 92 - h BUW
15 92 - 94 - - oK
=1 Vi 1]
16 95 - 96 Nuws 1 19
*Colchicine

2. mamsﬁn‘mQmauﬁ'ﬁmamﬁuazmﬂmw

NnMsnagdaumUsSInaeNNEY USinaosy Usiawanlyiazaralunsa Usuaasanaaisn

Uz USHNUEITINAMIELAMIUDAYDINIDENKITIADIAULAING 15 §I1D8 N La8UAaAIBENNINTNAFDU

2 71 wamsnaaavdalusasazlaginmin (5N 3)

N5ASNTHANNAFASMTUNNE
U 58 atun 4 aanAw - SUNAN 2559




Quality study of Dried Dong-Dueng Tuber

Tassanee Panphadung et al.

TN 3 HAMIANNAMTNTANLANLIEMENNYBITIADITIUNY

USinasanai U USanaun U3 U3
Groehe AN (015 iliiazanglunse  ssaradeih §9ana

(% w/w) (% w/w) (% w/w) (% w/w) MEBMUDD

(% w/w)
PMC 01 (inwgneedns) 7.7798 3.6350 0.3897 26.4287 4.0991
PMC o2 (ﬁannwmamﬁ’) 7.7686 3.3228 0.1374 23.0428 0.8150
PMC 03 (Unwgneedns) 7.6555 2.7955 0.1399 22.8561 1.4199
PMC 04 SIUMANNNTUNN 8.9988 5.4134 1.7645 21.8535 2.7702
PMC 05 S1UMNnuasassa 9.1608 8.5306" 5.0989" 19.9146 2.3049
PMC 06 1UMNUATHITIA 9.1067 4.6536 1.0997 22.7634 4.2500
PMC 07 SHrumanngniesil 9.0576 3.4358 0.1049 19.9290 0.5100"
PMC 08 suenandeslud 8.6024 6.5475 2.5815 19.1790 4.0496
PMC 09 sueandeelvd 9.1922 4.0045 0.5949 18.8841 2.7996
PMC 10 STu@anaezad 8.8839 4.8043 1.1142 21.5752 3.5245
PMC 11 HUmMnnNgsnugsonil 8.9308 5.0591 1.3948 21.3246 3.0697
PMC 12 STUMnNUaAsNEFTN 9.1447 4.2259 1.0796 22.0484 2.1449
PMC 13 SHiusmany3sng 7.1204 3.3801 0.1324 16.9550 2.7749
PMC 14 STUManaszun? 10.1523 7.1273 3.5187 18.9702 2.8148
PMC 15 S7UMNAUAINETN 9.6995 3.7368 0.3099 18.0650 2.5349
A 8.7502 4.5651" 1.0967" 20.9193 2.7017"
@htﬁmmummgm 0.8238 1.2154 1.0305 2.4139 0.9270

*@ outlier MNMIAMUIUANILIT boxplot

> ARdeMUINDN 10% Trimmed mean

yndayarh lummuanasinaspuaninaspusnayulnsing Usinaiszyh “bisnnnih” azih

' a av oo v oo o Y o1 A 4 v A IR ' a a '
FI’]LQBEI‘V]VLG]‘U’JﬂG]'JEJﬂ’]LUEI\‘ILUHLQaEI IﬂLLﬂ UInuenuau o LLazmﬂNagmﬂuﬂsm muﬂimmmzqm

“lyifpenm” azihewasileausaamiienuu@as lown USinaasannaisul wasasanameemuaa

(5199 1)

M 4 HaMSUSLHUTDMPUANNLAR LA MBI WY DK TINDIANUNY

Usztnnaasmsnagau Anae + sudisauy LU ANVUR U NYUA
(¥ue) as AU MaN
(x+SD) (x+SD) (x-SD)
USanaumnaiiu (%w/w) 8.75 + 0.82 a 9.57 -
USunauasiu (%ew/w) 4.57 £1.22b 5.79 -
Usananédritliazmelunse (%w/w) 1.10 £ 1.03 b 2.13 -
USanaisnsanadesh (%w/w) 20.92 + 2.41 a - 18.51
USinaansanamigamues (%w/w) 2.70 £ 0.93 b - 1.77

n=15

n = 13 MUINNN 10% Trimmed mean
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3N 5 FedgUammumaeiuasmenwaatniieaiin (laguvin)

Uszianzasmsnadau (Miae) Tsisnnnamh laislaenh
USanaemnuiy (%w/w) 10 -
Usunauesu (ew/w) 6 -
Uinaudhitlsiazmelunse (s%w/w) 2 -
USinauansanamenh (s%ew/w) - 19
USinaasanaaeemuss (%w/w) - 2

el

msfnmnaumwneasiuiinuiay 15 dath Taadateinu 12 ei Fannfume
susilunamngiimenastszmalng waziaghanaasdsmnnuvassssundiumsasadeusiasii
andasnavanngnuaynsinulasinwgnueans Tdeinennaash Gloriosa superba Linn. 194 Liliaceae
B udatheusiade (authentic) Wialdil3euiisuna s11nu 3 draha

manadautendnsaimueiidamaialasninnnilyiiotn Wudeyasasis 15 e ud
wanaliiiuies 7 maehe Taelluaate Authentic 3 Matha (PMC 01 - PMC 03) @8gNnnue
enueTusIas 4 §haghe (PMC 04 - PMC 07) wielvanansafiuuausslaiany msdnwlaalsihenuan
‘Ziﬁﬂ‘vd]l 1 benzene: ethyl-acetate: diethylamine: methanol Tudns1dIU 50:40:10:8 SNTAUEALOUFS
’[ﬂa%%uaanmﬂmsﬁ'ulﬁﬁniw ﬁﬁ@l‘ﬁ 2 SIundNNethyl-acetate: methanol: ammonium solution 8®&IU
85:10:5 FanziiiulannlasanTnunsusumislaad@ue hR, ludhs 45-50 dadesmelduasdannllaae
AMNEMARY 366 1NTUNAS 283E5aR0 PMC 02 way PMC 03 msidasussdmdasnaudimaiiasuasdih
dlaviudemsasans 5% Niedulunsamusdu udnhlulianudeu falduoudvdes milaudulaadtu
Fadlululdhiimsaessiioagiidumindeiu adalsion dnvaslasinTnunsuiilddnsaninsaliass
ananwalimaeizasasanaaaiale

MINTINAUMNWNNLAR AL TasmsanaiensimuSinaamuii Usinaudsn U
idhitliaznelunse Wnamsadadeth waslSinamsatadheemuas m’msaaﬂ%mmmm%u“lumgulws
femudhdndaasmaiuuazammmaulns asnnanudiashliidemswiydulaseadagduniduie
o ldhe Wumgliayulwshildammnuasiuldlinu fufhudamusslssmadoutiuiidasimamvu
memuduli dudumsenasinadnuuendiliszaslunsaiusivandemsuuitaunnduiila
Fasmanianne Fnsiinarhliaumwmememmnuasiaiizasayuluseas Jeldfimsmuuangegaiiaasly
aranuld muuanasiiue “ldinnnh” dutiinamsasacedhasmssiacms q Wumstsiaummn
spsmshdnlumsayulnsloswmzndonsayulnsiuddiiiziensimiimamsddn Sdddmsmmue
mengafisanliasiawuld mvuamnasifiue “hitasni” Fwszasdammuammauaiuazmenwitld
NMINeEY (M5 5) ediulSnandron wazdliazanslunse Filnasimvualiinnnhissa:
6 uar 2 Tamhwiniulndidesiuaiimmualilundad Sunespusnayulwssaslszmaduide®
(97 6) drulsinamsanacei wazasanacamMuasliipanioua: 19 waz 2 lagunwiin
Aaudauandnninasisasndsiiunasunayulnsrenlssnadude neiloadlasmnlutusey
mahasazmsfiataldlussmvewisldluBinaiuandediu fa wdsdmdumnaspumayulnsuasssna
audelwldusines 25 fiaddns dumaiteiliuznes 10 feddas
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m3Ni 6 Tamuuamaeiizasnassdeuislumminespunayulnszeaslsanaduide

Usztanzaamsnagay (Mig) Tdsnanh Taiviaenh

USauenudu (% w/w) - _

USinauonsin (% w/w) 6 -
Unanditliazaalunse (% w/w) 1 -
USanainsanadah (% w/w) - 15
USinaasanaaeemusa (% w/w) - 5

wannmsAneiteihlimansaiandammueamumwidasdunasayulnaioasds uazianu
ufluashannlunmsmuauammwludasBinamslusulnsidasnmsddglaadtuinuissswam
Tumadnwnlsn udfdnsnuemuiiufivdie® duiu Safumsmifiumsdnwitaialumsiensimusnm
msahdnlaaiduluayulnsaasdaiieldlumsmmuadminaspudald

GRNL

9

B NIIABIAIUNINNINANHING 15 628819 NNNIATIALBNANBAAIIILILEN FINITD
ananuasaaylaaddulunndisgne uaznnmsdnmananiimuaivazmamn agulanmesdaud

MSAMINATFIUNAN UMW AT

Usinaenadu lisnnnh 100  Tagvwiin
YSinaussinlisnnn 6.0%  laghwmin
Usanaudriilaiazanalunsalisnn 2.0%  Tagihwin
Usinaisnsafamethlivasnd 19.0%  Tesihwiin

USINUENSFNAMIELEMUBATBEAE 95 LNUaN 2.0%  laguiin

Aeenssndszna

madnwillasumsaiuayusulsznamnndiindamaanuduasnaluladineneansmsuwnd
mMsinavusumaiiamsnadaumadamvuainasyulumnmnespunayulns nsnnaoduideayulng
NININNAFATMIUNNE UWazYBYBUANENNAINM LnFENIMANUNA HIFasI15 nhlasans MM
w3ethetinidameldlassmananndnamwassayulnsiinmsldluipsdunniu Aldmuusnibuassindu
unlataym HrelimAdsdiGamuinguazaed

a o

aeenssndszna
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Quality study of Dried Dong-Dueng Tuber Tassanee Panphadung et al.

Quality Study of Dried Dong-Dueng Tuber

(Gloriosa superba Linn.)

Tassanee Panphadung Saijai Pariyawatee Sayan Koonnoot

and Narumon Boonrasri

Regional Medical Sciences Center 12" Songkhla, Department of Medical Sciences, Amphoe Muang,
Songkhla 90000 Thailand.

ABSTRACT Gloriosa superba Linn. or as called Dong-Dueng, belongs to Family Liliaceae. This herb
has been used as analgesic for acute inflammatory disease of jointsin Thai traditional medicine. Colchicine
is reported as the active ingredient of Dong-Dueng. There is no standard specification of Dong-Dueng
in Thai Herbal Pharmacopoeia yet. The main objective of this study is to provide scientific information
to establish the standard requirements for chemical characteristics. Fifteen samples of crude drug were
collected from natural sources and purchased from traditional drugstore in Thailand. It was found that
the contents of water-soluble extractive, ethanol-soluble extractive, moisture content, total ash content
and acid-insoluble ash content were 20.92 + 2.41, 2.70 + 0.93, 8.75 £ 0.82, 4.57 £ 1.22 (8% 1.10 + 1.03%W /W,
respectively. Chemical identification of these crude drug by thin-layer chromatography was also
reported. The results of these study will be useful for the quality control of Dong-Dueng and preparation

of Thai Herbal Pharmacopoeia.

Key words: Gloriosa superba Linn., Physico-chemical quality
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Anusauatu 2 NININY W 2559; 58 (4) : 283-292

m'sﬁ’mmu,ag‘nﬂaaumwgnﬁ’amaﬁ%’)mswﬁ
SNIANEIN LN NIFan agls UPLC

wliilyl nAsAIRSY  Naden aMiuanae  wasusIN ARTIIATENS
AUEINENMTASIISUNNET 9 UATTIFFN NININENMFNTIIUNNEG BNNBLlBN UATTIYENT 30000

unAnga  mMsnanIsiensilsnadimiluass ndee lusveeam malildlaiuiniassansined
Wasunudamialasunlnani w%’amzwmaaummgﬂﬁmwaﬁﬁﬁmimﬁ Togldmaauil Acquity UPLC BEH C18 1.7 pm,
2.1 x 100 mm Tiaaumgdl 40 asrnuaided Tasfdadudmn Wamatvines uazimuan #o 65 : 35 sammsla
0.25 183asABUNT A5130NANNENIAEY 295 WITUNAT WAMINAFIUNUINEIATZRIANNTINIZADNS
musSuamehluaeas ndea anuanwusiduduasalugienuudy 0.056-0.423 Tadnsudaiiadans
fienduszansmseaaulawhiy 0.9999 MsnagauAMNLLIBNRIATY WU asazIaNMSAUNS AT
98.2 LLasﬁczhl,ﬁmmummgwul,vhﬁu 0.5 m’s’ncﬂaaummLﬁmﬂmluﬁmﬁmﬁ’uﬁmtﬁmLuummgmwhﬁ’u 0.4
wazehufuiauiU 1.3 3 weneiiianunudemswasuulassnzilsnagau fe mswlasudasuasssazais

@

M wazmsasugamgiizeseadant HaNINTIANRAUMNEMEDAMTLNADS NNEBA NI 15 GI88N
ngunnlsanenazessgludsamalng anvitenzindamsanaenansal MmIenaliinudimady men

Wunsa-we wazmsnadauanuunaNNEe wuhdmeghammaaiaamwinanasgu
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UPLC Method for Determination of Timolol Maleate in Ophthalmic Solution Napanan Wongthanakitcharoen et al.

UNU

Tuiligtiudafiudusimgsuduusn 4 fhlugmseuaa (irreversible blindness) #aqUszens
TogvliiRamamerasaduarlassamen Tsadafiudnwulugaeny wezisnnugihamnniuden 9@
filuaaaifluenlundgy non-selective beta-adrenergic receptor antagonist lutssmealnegunsideuiiy
svzanalusiindezasiilusen wdea sangnisarnudugnalugihelsadaiuiiianudugnmg
gmzaamiluasa 1dtaa (Timolol maleate eye drop) (Huenlutin@enwanuviend w.e. 2556 NN 11.4
Drugs for treatment of glaucoma 08¢ lutingd n® gmeanmiluasa andae Faunzdaululszmnalne

Y a

= c{' < v o [ o ~ I ~
wnzgasedenfiiuenunuilaginamiunyed § 18 wanadeu Toaduguanlulssnalng 14 wansideou
I Y a U = (3)
waztugnaneaUszme 4 wansiey
Pluaea ndee Janwasdumedzmaraiele Ui wastemuss iemaedl Ae (28)-1-[(1,1-
Dimethylethyl) amino]-3-[[4-(morpholin-4-yl)-1, 2, 5-thiadiazol-3-yl]oxy]propan-2-o0l(Z)-
butenedioate. figasluana A C H N, 0 SeC H O, fumiinluana 432.49 uaziignslaseasn

Muai® (mMwn 1)

HHEHN H,C CH
'\l ° e HO — OH
D/Y\N CH,
* H
H OH 0 's)

O

maeNsilsnameniluasa andea lusveaam szylilundsiiuaslssmaansgaminm

Mui 1 goslaseaswesiiluasas adea

(USP36) 1435 High-performance Liquid Chromatography (HPLC) @2a84 211 4.6 mm. X 15 cm.
U5399YMA L1 2100 5 micron AUANAAMATIADINGT 40 psrmaiFed Tdmsazanadamn A phosphate
buffer pH 2.8 wozynuaa Tudadu 2:1 Sa9mslva 1.2 faddnsdeindl wazanaiafianuenaau 295
wlunas®

Lf‘lmmﬂiuﬂaqﬁuﬂmiﬁmmwﬁ'mﬁauﬂﬂms Ultra-performance Liquid Chromatography
(UPLC) #ldwdnmsidientuiu HPLC uaiivszansmumsuanansianit anansanuusssulaannni
TFaeduinnadunh fldszasnmuszasaiiildlumsiensianas daiu §isedeldwanniziens
Usinasheniiluaea indien Tusnveaam e l@l#lddu UPLC wianamagauanugndasmadisinnsi®
muvdninamiaas USP® was ICH Guideline® iiialfiiludzinnswlumsananamwevaaam
HELERGEIGE)
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Wenzienvieaamiluass e ¢e3d UPLC uliuyl ndswnhaRdy wazame

MaEN
envgaamAluaas EDA ANNU 5 TaNSNEDNAAAAT MUY 15 PN Fuanlsanea
20355 lulseinalng 5299 iun 31 ganen 2557 B9 8 SUNAN 2557

msmﬁuazmsmmgm

#191@3 : monobasic sodium phosphate, phosphoric acid, methanol HPLC grade, acetonitrile
HPLC grade, 13;1 HPLC grade NNLAa ELGA Purelab Maxima

#9119937U : USP Timolol Maleate RS

S3nsnadau § 5 sunay aail

1. nswedsnasazareiillas Taansazars monobasic sodium phosphate 11.1 n3y Tuih
1 805 YSueanadunsa-iua Tagluzgie pH 2.8 + 0.05 628030 phosphoric acid

2. MsesaNdIezats Diluent ndu acetonitrile uazasazaratniwes lusasdu 2 1 1

3. MSOSENEITATAIEMN HanaserasUWes wastumues ludns1aIu 65 : 35

4. NSEIINEIIAZAIUNIANIFIU %’mwsmmgm USP Timolol Maleate RS 34 {iaan3y azang
Tush 25 fiaaans NatuEandenilaanususy 0.056, 0.113, 0.141, 0.169, 0.282 Wa 0.423 NadNIN

99909

2D

6o
5. MILHIBNEITIZAIBAIBEN azangmataiiaunh Pluaes 5 Haansu lussazana Diluent
a aa Y v W QI a v %’ YV a a aa
15 Aadans wanlithn YSudsunasaeinlileusines 5o fiadans
tA3asdia wazaUnsal @389 UPLC: Waters Model H-class Ussnaudie Quaternary
solvent manager, Sample manager FTN, Column Heater Compartment ttaz PDA e\ Detector
daumuqmtazﬂismamaiﬂﬂ Empower Software Aaany Acquity UPLC BEH C18 1.7um , 2.1 X 100 mm
dgnnzildnagau Aeadsazae 1 lulasans wiesee UPLC legldaaasl Acquity UPLC BEH
C18 1.7um, 2.1 X 100 mm Ngnil 40 svenuaided lasiidadiuain Phosphate buffer uazinmuaa
@D 65 : 35 BNTINSLYA 0.25 NAAANTABINT ATINANANNENIAY 295 N LUNAT
mswmaaumwgnﬁ'mwaﬁ% (Method Validation) wadaumuuaninasizay USP®
uaz ICH Guideline® Tuwdamsnagauanuanwizaasia (Specificity ), msnadauanududunss
v a I . . ° T o £ v A (4 IR " v v
wazd 929N TIATIEH (Linearity and Range) laamuaedulszandnmsaaduladesdia livasni
0.995, MINAFBUANNUNY (Accuracy) TaeNsmNNAITDEAzYBINIAUNGY (%recovery) Gavaglud
dl . . o a o’%’ $4 v J
95-105%, MsnadauaNuiiay (Precision) lagmsauin »RSD 2asmsianzianasdliannnil 2.0
wazMINAFaUANNNUYIIS (Robustness) lagmsenswinieasae g Nanalinansznuaamsienzv
usamuue %RSD aasliunnni 2.0

We

PNMINAFTOUANNINNIZYDIIS (Specificity) TaaiaTazaIsIATFIULILEITALAIEAIDEN
Aezalamias UPLC wWisufisulasinlnunsy (Chromatogram) 2evdisazanaalag)y tiaunu
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UPLC Method for Determination of Timolol Maleate in Ophthalmic Solution Napanan Wongthanakitcharoen et al.

TasunlnunsurasansazasannsgIu wuhanmeinadauaansouaniiazad Timolol maleate waz Maleic
acid pannnule wazlifNasUNIUMSIAILR (MWD 2, 3, 4 WaL 5)

AU

0.8 1
0.06 7
0.04

0.02

0.00 = ————

1 | 1 s e e —

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
Minutes

2NN 2 IﬂiN’lTﬁl HAINYNFITAEAENINIFIU

0.080 -
0.070 " |

0.060 -
0.050

AU

0.040 |
0.030
0.020
0.010

0.000

[ 1 Timolol-2.952

L]

I+ Malelc-0997

e
f
I
]

. o —

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
Minutes

i 3 TasinInunsnuasarsazaaudy Timolol maleate waz Maleic acid

0.20 -
0.18 - i
0.16

0.12

AU

0.10 |
0.08
0.06 | i |

0.04 -

0.02 .

E“i.ﬁ#‘.

0.00 o e

i
5
-

—— g . . . =
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
Minutes

NN 4 Iﬂi&l'ﬂ:‘ﬂ UATNYBNFITAEIEAIDEN
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acda '3 ) P kg ac 4 ' g a a
Menzienveaamiiluses den Mels UPLC uUyuun NATUINAAIN LLazAE

-0.0010 ||

-0.0015 |

-0.0020

-0.0025

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

Minutes

M 5 Tasinlnunsuuas Blank

Tumsnagauanauiudunss wazdewasmsiwsey (Linearity and Range) megmsiaasazae
NAIFIU ANty 0.056, 0.113, 0.141, 0.169, 0.282 WAY 0.423 NaaNINGDNARANT UAIFINTIW
uaePMNENUE ST eIy waziuildie wuhiisnsasiuduese Sedulszanimsaadula
WA 0.9999 (MWT 6)

Timolol maleate

2000000 y = 4E + 06 x- 1591 ;"'
1800000 R’= 0.999 o
1600000 T
1400000 -
1200000 A
1000000

800000 -

600000 ¥

400000 -

400000 -~

200000 *

0

0.00 0.50 1.00 1.50 2.00 2.50

area
i

Concentration mg/ml

ANi 6 NPWULFMIINNFNNUS TN INANNLNTUBBINTAZNBNNITIUUBzAUT AT A

IUMINAFaUANNUNY (Accuracy) MNMIAAFITALALIIDENNAMIANTITNNTTIU 3 520U
ANNTNYY A 0.113, 0.141 AL 0.169 UaANSNABNINANT ANNTNIUBE 3 26 WUASDEALVDINTAUNAU
(%Recovery) LAY 97.8, 98.2 A 98.7 % MUAAU (AN 1)
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UPLC Method for Determination of Timolol Maleate in Ophthalmic Solution Napanan Wongthanakitcharoen et al.

MMM 1 WaMINAFBUSDEALUDINSAUNU

SEAUANNTNIY ANNTNIY (mg/ml) SoHazyBIMIALNSULREY
80% 0.113 97.8
100% 0.141 98.2
120% 0.169 98.7
W3 98.2
%RSD 0.5

MInadauaNuies (Precision) ludiuzasnansnadaumsyngile (Repeatability) #7e
a I'd %’ L =) U o 1w 1 a Eol v o L% .
MFIATIEA 6 71 LIUEINUTN %RSD AU 0.4 dIUMSIATIHMIUAIUNUIUN 3 W (Intermediate
Precision) & %RSD (AU 1.3 (MINN 2 uaz 3)

MIND 2 WamMInadau Repeatability

AN ANNANTU (mg/ml)
1 0.1478
2 0.1483
3 0.1480
4 0.1483
5 0.1496
6 0.1480
ORH 0.148
%RSD 0.42

MMM 3 WansNadau Intermediate Precision

AN ANMNANTY (mg/ml)
1 0.148
2 0.148
3 0.152
R 0.149
%RSD 1.25

HNSUMINaFaUANNNULaIIs (Robustness) lagnaaspaildsudnmzassssuy UPLC lagms
o [ 1 [ LY 4 < a a [ ¢ <
Wasudadivzasmsazagmmunines waztumuea tUu 55 : 45 uwartldauaanniizesnaantiity 30 uay

35 BNAZALTS WAILATILH WU %RSD 1NNU 1.0 (ATNN 4)
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acda '3 ) P kg ac
Menzienveaamiiluses den Mels UPLC

uliuy wdsnfaady wazame

MIND 4 HamMIadau Robustness

dgnmznnaday

ANUNTULRDY

daduansazas 55 45
gaunniinaam 30 avmgaLded

a £ 4

DUNNNADANY 35 DeFLTaLdE

9 U
a £ 4

pauvnNAaNY 40 avfLTAdYd

q u

0.149
0.150
0.152
0.148

nasnniulaihismsnesauithunawimsnedauanugneavsidainldlumsasiaiwaesy

dadnneaamilyass dea lagmsgueaneveaaaiiluass aee NNTNNIUYBIT]

MeludnnandauamANiasuNAN W.A. 2557 WU 15 618N 5 Neideuen/gude laaiidamsnsasay

o J o 1 n:{' v & ¥ = ¥
ATUMNELLISLNUNNINITIUMN USP 36 WuM GI'JI’JEI'I\‘I‘VIE!NN'WNWNG] 08 100 NATUMNWLZININITIU USP 36

NNMNTEMINATIEN (319 5 Uas 6)

3NN 5 ITEMINTINFBUAMAINED UazINIIINATZIUIN USP 36

WYanTIdUAMMN

AUNIATFIU

msaaenanwal (Identification)
Usinuamnddey (Active Ingredient)

meanuunsa-ud (pH)

?97ANU Timolol Maleate

90.0-110.0 % LA

6.5-17.5
managauaNuUNENNEe (Sterility Test) Sterile
MINT 6 HANMINPANRAUMNEVEDAMTN NADS MELA
Useine neidauen/guan NUIUMBEN PNNUTUNITHEN NAIATIEA
Tne n 4 4 ENINATFIY
uLde 2 3 3 ENIAIFIY
Tne f 2 1 NINATFIU
RIGTGEH 3 3 2 EIAIFIY
Tne ) 3 3 NINAIFIU
I 15 13
= 4
JAIIU

¥ aca < a o al = v as
ﬂ'ﬁ‘Yl(ﬂﬂB‘Llﬂ’J'lNQﬂ(ﬂ?J\i?lﬂ\‘l’.]ﬁ’lLﬂi']xﬂﬂiu'lmm’!ﬂ'mt[llaﬂa Natae I‘L!EI'I‘ViEIBﬂ(m a5 UPLC

WU F5IATILHRANNINIZAIZG DETNAINITIATIEY LagNTANNNMINAFBUA NN ULFUA

1 a li! = 1 o = l{ UV o i e ‘ﬂ! o 1 v 1 =S A 1 1
UALHNYBNMTIATIES ‘ZNNﬂ'lﬂuﬂ‘izﬂﬂﬁﬂ']’i@lﬂﬂublﬁlm’lﬂu 0.9999 %QNﬂ'\lNHE]EIﬂT\ 0.995 JhaNHIUN U

MU

MINAFIUANNULNULDNTIATILWNANNENTY 3 52OV PD 80, 100 LAY 120% UBIANINLINIY

nlduadanzing 3 szau agludinmisaniufe 95-105% adnlsnmu wazasmsnaaauspeazyas
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UPLC Method for Determination of Timolol Maleate in Ophthalmic Solution Napanan Wongthanakitcharoen et al.

UPLC Method Development and Validation
for Determination of Timolol Maleate in

Ophthalmic Solution

Napanan Wongthanakitcharoen Kulthida Ampantong and Banjong Kitirattrakran
Regional medical sciences Center 9 Nakhonratchasima, Department of Medical Sciences Amphoe

Muang, Nakhonratchasima 30000, Thailand

ABSTRACT The method validation for determination of Timolol Maleate in ophthalmic preparation
was established using Ultra Performance Liquid Chromatography (UPLC). The separation was achieved
on a Acquity UPLC BEH C18 1.7um, 2.1 X 100 mm at 40 degree Celsius. The mobile phase was the mixture
of phosphate buffer and methanol (65:35) at the flow rate of 0.25 ml per minute with UV detection at 295
nm. Specificity test showed that Timolol maleate peak was not interfered by other peak. The linearity
test showed linear relationship between the area under the peak and concentration levels in range of
0.056 to 0.423 mg per ml with coefficient of determination 0.9999. The percentage mean recovery from 3
concentration levels was 98.2 (%RSD = 0.5). The precision test within same day gave %RSD of 0.4 and
different days gave %RSD of 1.3. The robustness test indicate that describe method was robust when the
chromatographic condition were changed such as composition and column temperature. The quality of
Timolol Maleate eye drop 15 samples were sampling from government hospitals in Thailand. The samples
were analyzed for identification test, assay of active ingredient, pH and sterility test. All samples passed

the specifications.

Key words : Timolol, UPLC
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